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Surgical management of the neonate with congenital 


heart disease 


MARC R pe LEVAL 


From the Thoracic Unit, The Hospital for Sick Children, Great Ormond Street, London 


Despite the multiplication of specialised centres and 
a fall in the birth rate, paediatric cardiac units have 
seen a steady increase in the number of infants with 
congenital heart defects operated on during the neo- 
natal period. This changing pattern is the result of 
continuing advances in neonatology, early detection 
and better management of the neonate with a con- 
genital heart defect, and the tendency, rightly or 
wrongly, to operate on more complex defects. 

Advances in neonatology with improved infant 
care and ventilatory support for infants with respira- 
tory distress syndrome have increased the neonatal 
survival rate. Hence the increase in the number of 
premature infants with a persistent ductus ateriosus 
who require surgical closure, often after a trial of 
treatment with indomethacin. 

More specifically the preoperative status of neo- 
nates with congenital heart defects has been greatly 
umproved by the introduction of prostaglandins and 
a trend to non-invasive diagnosis. Conventional clin- 
ical diagnosis of congenital heart defects by physical 
examination, chest radiography, and electro- 
cardiography is often unreliable, particularly in the 
neonatal period. For this reason cardiac cath- 
eterisation and angiocardiography have for many 
years been the standard diagnostic methods in this 
age group. Cross sectional echocardiography has 
changed the indications and need for cardiac cath- 
eterisation. Neonates have a technically excellent 
subcostal and suprasternal window that allows good 
definition of the intracardiac anatomy. Most con- 
genital cardiac malformations can be diagnosed by 
cross sectional echocardiography in the neonate. The 
anatomical definition of the anomaly together with 
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the physical findings are often sufficient to proceed to 
surgical treatment in the absence of haemodynamic 
information from a cardiac catheterisation. We have 
operated on numerous neonates with various heart 
defects when all non-invasive investigations were 
typical of the suspected abnormality. The type of 
surgery to which the patient is to be submitted must 
also be considered in this decision. For example, the 
preoperative information required for a shunt pro- 
cedure differs from that required for a complete re- 
pair. Is the risk of preoperative invasive mvestigation 
of a sick neonate justified by its greater accuracy 
compared with alternative non-invasive in- 
vestigations? This question cannot be answered un- 
less risk and accuracy can be expressed in the same 
units, for only then can they be usefully compared. 

Pharmacological manipulation of the ductus arte- 
riosus with prostaglandins has been a breakthrough 
in the management of cyanotic neonates with re- 
duced pulmonary blood flow. Operations are now 
performed more electively and mfants reach the 


- operating theatre in a better condition, that is warm, 


well oxygenated, non-acidotic, and with a good car- 
diac output. Prostaglandins have been particularly 
beneficial for patients with pulmonary atresia with or 
without ventricular septal defect, for those with tri- 
cuspid atresia, and to some extent for those with 
transposition of the great arteries. They have also 
been used for aortic arch anomalies, coarctation of 
the aorta, or critical aortic valve stenosis in which 
part of the systemic circulation may depend on the 
patency of the ductus arteriosus. The exact mech- 
anism by which prostaglandins afford hae- 
modynamic improvement in patients with 
obstructive lesions of the systemic circulation is not 
completely understood except in conditions in which 
the systemic circulation is entirely duct dependent. 

Refinements of well established surgical pro- 
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cedures and their implementation as logical manage- 
ment protocols have also contributed to changes in 
neonatal cardiac surgery. The management of neo- 
natal coarctation of the aorta and critical aortic 
stenosis may be taken as examples. 

The acutely ill neonate with coarctation of the 
aorta requires urgent treatment. The prognosis is 
especially poor when the coarctation is associated 
with intracardiac anomalies, of which ventricular 
septal defect is the most common. In general these 
patients tend to have intractable heart failure, meta- 
bolic acidosis, and renal failure. Formerly we consid- 
ered these two cardiac anomalies to be entities and 
we treated each one separately. The coarctation was 
repaired first and then, if the patient remained in 
intractable heart failure, the ventricular septal defect 
was repaired. Now we know that neonates with a 
large ventricular septal defect are more likely to sur- 
vive if banding of the pulmonary artery is carried out 
ag well as repair of the coarctation. Though it is not 
a panacea against late complications, the subclavian 
flap angioplasty technique to relieve coarctation of 
the aorta has been a useful additional surgical treat- 
ment. 

Aortic valvar stenosis that is severe enough to pro- 
duce left ventricular failure in the neonatal period is 
associated with a high mortality rate. Medical treat- 
ment is only briefly effective and surgical inter- 
vention is mandatory for survival. During the past 
five years we have evolved a protocol for these infants 
which includes a non-invasive diagnosis, followed by 
valvotomy without cardiopulmonary bypass. This is 
done either under inflow occlusion through a trans- 
aortic approach, or by transapical dilatation of the 
valve. We have a very limited experience with bal- 
loon dilatation of the aortic valve, but this procedure 
might become the method of choice for critical aortic 
stenosis in the neonate. 

Open heart surgery during the neonatal period has 
made little advance during the past decade. Studies 
of biochemical and immunological reactions induced 
by extracorporeal circulation and a better under- 
standing of the function and protection of the neo- 
natal myocardium should lead to safer cardiac 
surgery. Repair of a total anomalous pulmonary ve- 
nous connection is one of the commonest open heart 
procedures performed in the neonate. After the 
sharp reduction in the surgical mortality that fol- 
lowed the revival of deep hypothermia and circu- 
latory arrest in the early 1970s the mortality for this 
condition remains greater than 30%. Patients under 
one week of age with obstruction of pulmonary ve- 
nous return have a particularly poor prognosis. In- 
trinsic anomalies of the pulmonary veins and of the 
lung parenchyma may account for these disap- 
pointing results. 


de Leval 


New trends in the management of complete trans- 
position of the great arteries illustrate the impact 
made by innovative surgery. Though intra-atrial re- 
pair of transposition of the great arteries by either the 
Mustard or Senning techniques has been widely 
used for many years, there is concern about the very 
long term results of these interventions. Jatene and 
colleagues introduced the arterial switch or so called 
anatomical repair of transposition of the great arte- 
ries.’ This was successfully applied to transposition 
with raised left ventricular pressure due to either a 
large left to right shunt or dynamic left ventricular 
outflow tract obstruction. The concept was more 
recently extended to the correction of simple trans- 
position of the great arteries during the neonatal 
period at a time when the pulmonary vascular re- 
sistance is still so high that the left ventricle is capa- 
ble of sustaining the systemic circulation after the 
switch procedure. The early results of this manage- 
ment have been very encouraging. The prospect of 
improved long term results would justify a wider use 
of this approach if late complications could be 
avoided. Because this remains a hypothetical pros- 
pect some units, such as ours, continue to be rather 
conservative about the management of simple trans- 
position of the great arteries. 

Progress in neonatology, the availability of reliable 
pharmacological and surgical means to regulate the 
pulmonary blood flow, and the fundamental demon- 
stration that the pulmonary and the systemic circu- 
lations left in series could be successfully served by 
one ventricle (Fontan operation) have made the most 
complex cardiac malformations amenable to surgery. 
These developments account for changes in the 
management of hypoplastic right and left heart syn- 
dromes. The latter is the fourth most common con- 
genital cardiac anomaly seen in infancy (after 
ventricular septal defect, tetralogy of Fallot, and 
transposition of the great arteries) and is responsible 
for nearly 25% of cardiac deaths during the first 
week of life. Closure of the arterial duct in the first 
few days of life explains the early death of so many 
neonates with hypoplastic left heart syndromes. On 
the assumption that hypoplastic left heart syndrome 
is very simular to extreme forms of right ventricular 
hypoplasia, tricuspid atresia, and other forms of uni- 
ventricular hearts Norwood and his colleagues have 
developed palliative procedures for such patients.” 
The purpose of these interventions 1s to establish a 
permanent communication between the right ventri- 
cle and the aorta, regulate the pulmonary blood flow 
(avoiding pulmonary vascular changes secondary to 
increased flow and pressure), and to assure a satis- 
factory interatrial communication. The definitive re- 
pair consists of separating the systemic and 
pulmonary circulations by performing a Fontan type 


Surgical management of the neonate with congenital heart disease 3 


of procedure. We have followed with interest the 
evolution and the careful and systematic study of 
Norwood and his colleagues.? We believe that such 
a planned research programme should be supported 
but we think that it is premature for all surgical 
teams to embark on these often heroic surgical treat- 
ments without their knowing how many of the sur- 
vivors of the first stage operation will eventually be 
suitable for a Fontan procedure. If their numbers are 
very small is it ethically justifiable to oblige patients 
who would otherwise have died as neonates to carry 
their handicap into childhood only to succumb be- 
cause no further treatment is possible? 

Neonatal cardiac transplantation with a homograft 
or even a xenograft heart is an alternative approach 
to treatment of patients with these complex mal- 
formations. Both procedures have already been per- 
formed. Are these pioneering endeavours going to 
open the doors to new hopes or create formidable 
problems? 

One can predict that in the foreseeable future a 
number of researches that are currently underway 
will deeply influence the incidence and the manage- 
ment of neonates with congenital heart defects. 
Some workers are investigating the possibilities of 


operating on fetal hearts in utero because they con- 
sider that the womb is likely to be a better post- 
operative environment than the most advanced 
incubators. In several centres intrauterine echo- 
cardiographic diagnosis of complex cardiac mal- 


. formations has led to the termination of pregnancy. 


In future the attitude towards the treatment of com- 
plex cardiac malformations in neonates will be based 
on the quality of adult life enjoyed by patients oper- 
ated on today and on the outcomes of these two 
conflicting and radical tendencies, that is to replace 
the defective organ or to prevent the birth of the 
faulty embryo. Ethical, social, and economic consid- 
erations must also influence this subtle decision 
making. 
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Asynchronous left ventricular wall motion early 
after coronary thrombosis 


DEREK GIBSON,t HELMUT MEHMET,* FRANZ SCHWARZ,* KUN LIft 
WOLFGANG KUBLER* 


From the *University Medical Clinic, Heidelberg, Federal Republic of Germany, and tBrompton Hospital, 
London 


SUMMARY To study regional wall motion early in the development of acute myocardial infarction, 
left ventriculograms performed in 24 patients before thrombolysis and within 3-5 (1:2) (mean 
(SD)) hours of the onset of pain were digitised frame by frame. Isometric and contour plots of 
regional wall motion were constructed. In 19 patients (seven with anterior descending, eight with 
right, and four with circumflex disease) thrombosis was demonstrated on an underlying stenosis. 
In 10 patients the two remaining coronary arteries were normal, and in nine, one or both showed 
important disease. Mean values of global indices of left ventricular function, including end 
diastolic volume, ejection fraction, peak ejection and filling rates, and cavity shape changes were 
all within normal limits, though end systolic volume was significantly raised. Total systolic 
amplitude of wall motion was normal in the affected area in all but seven patients (four with 
anterior descending, two with right, and one with circumflex thrombosis). Dyskinesis of more 
than 2 mm was seen in only three patients, all with thrombosis of the anterior descending coronary 
artery, and hyperkinesis was present in four. The commonest abnormality of wall motion was 
hypokinesis during ejection followed by prolonged inward motion during isovolumic relaxation, 
which was seen in four patients with anterior descending, seven with right, and three with 
circumflex artery thrombosis. This was preceded by outward motion during isovolumic 
contraction and delayed inward motion during ejection in eight with right or circumflex throm- 
bosis. Five of six patients without thrombosis had simple hypokinesis or dyskinesis without 
asynchrony. Disease of other coronary arteries did not affect the pattern of wall motion seen after 
right or circumflex coronary artery occlusion but it reduced the incidence of delayed inward 
motion along the free wall after thrombosis of anterior descending artery. Thus early after acute 
coronary thrombosis asynchronous wall motion is commoner than simple hypokinesis or 
dyskinesis. Its persistence suggests that in the setting of coronary artery thrombosis in man, 
residual contractile activity may persist for up to six hours after the onset of symptoms. 


Selection of patients who are suitable for throm- 
bolysis and acute revascularisation (for possible 
limitation of infarct size) is difficult.! * The aim 1s to 
identify those in whom there is important 
impairment of regional left ventricular function at a 
time when it is potentially reversible by re- 
establishment of coronary flow. Since myocardial 
function manifests itself in the amplitude and timing 
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of wall motion, the present study was designed to 
examine left ventricular contrast angiograms of 
patients early after acute myocardial infarction with 
particular reference to detecting asynchronous 
regional wall movement. We hoped that this would 
provide a baseline for assessing the effects of 
procedures designed to limit infarct size and also that 
it would be possible to recognise patterns of motion 
which would identify regions where function was 
impaired but not irretrievably lost. 


Patients and methods 


Twenty four patients (aged 38-72 years) who 
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fulfilled standard criteria as potential candidates for 
thrombolysis were studied at the University Hospi- 
tal, Heidelberg.* The study was performed 3-5 (1-3) 
hours (mean (SD)) (range 0:5 to 7 hours) after the 
onset of symptoms. Left ventriculography was 
performed in the 30° right anterior oblique 
projection as part of the clinical study. An injection 
of 40 ml Urografin was given into the left ventricle 
at a flow rate of 12 ml/s through a pigtail catheter, 
and a cine film was exposed at 50 frames/s. Cali- 
bration was established from movement of the cath- 
eter tip positioned in the left ventricle when the table 
was displaced by 8 cm. Ectopic and postectopic beats 
were not studied. Multiple views of the coronary 
arteries were then obtained by means of Judkins’ 
technique. 


ANALYSIS OF ANGIOGRAMS 

Cavity outlines were digitised frame by frame over 
two beats in 18 of the patients and over a single beat 
for the remainder.* A fixed external reference point 
on the margin of the cine frame was used through- 
out. The timing of aortic valve opening and closure 
at the start and end of ejection was established from 
direct inspection of the angiogram, from the frame 
on which each of these movements was complete. 
The timing of mitral valve opening was taken as that 
of the frame in which unopacified blood first 
appeared within the left ventricular cavity at the 
onset of diastole. Left ventricular ejection was taken 
as the interval between aortic valve opening and 
closure, and isovolumic relaxation as that between 
aortic closure and mitral opening. 

From the digitised data, plots were made of super- 
imposed endocardial cavity outlines—those from the 
start of the beat to the outline with the smallest area 
being taken as systolic and the remainder as diastolic. 
For each frame cavity volume was calculated> and 
plotted as a continuous curve along with its first 
derivative from which peak rates of systolic and 
diastolic volume change were derived. The interval 
from mitral valve opening to the times of registration 
of peak filling rate and the end of rapid filling when 
the rate had dropped to 20% of ıts peak level was 
also noted. Shape index was calculated as 
4r x area/(perimeter)?.© Ejection fraction was taken 
as stroke volume divided by end diastolic volume. 

Regional wall motion was demonstrated by 
constructing isometric and contour plots for each 
beat.* The method depends on multiple plots of wall 
motion against time, derived from 40 equally spaced 
points around the circumference of the end diastolic 
frame starting from the junction of the mitral valve 
with the aortic root. Segments 1~15 thus represent 
the inferior wall, 1-5 being the mutral valve, 15-25 
the apical region, and 25—40 the free wall of the left 
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ventricle. Regional wall motion was analysed either 
by stacking these individual plots obliquely to give 
an isometric display, or by constructing a series of 
contours representing 1 mm of inward or outward 
movement of endocardium from its position in the 
end diastolic frame. Examples are given in Figs. 1-4. 
Results from the patients were compared with those 
from 20 normal subjects with chest pain, normal 
ventricular haemodynamics, and coronary arterio- 
grams. From these displays, the following informa- 
tion was derived. 

(a) Segments in which the overall amplitude of 
inward motion during systole lay outside the 95% 
confidence limit of normal for the region in question 
were identified. Overall systole was here taken as 
extending from the time of maximum cavity area to 
the onset of mitral valve opening at the start of 
ventricular filling. When the amplitude of motion 
was below the lower 95% limit, the region was 
regarded as showing hypokinesis, and when it was 
greater than the upper 95% limit as showing hyper- 
kinesis. Wall motion during ejection was considered 
in the same way. Dyskinesis was taken as outward 
motion of 2 mm or more occurring during ejection, 
lasting for at least 100 ms. Specifically excluded from 
this definition was transient outward movement 
within 50 ms of aortic valve opening followed by 
inward motion later in ejection. This latter pattern 
was frequently seen in association with disturbances 
of isovolumic contraction. 

(b) Segments showing abnormal wall motion early 
during systole. Two types were recognised. The first 
was abnormal (2 mm or more) outward movement of 
endocardium during isovolumic contraction and 
within the first 50 ms of ejection.” The second was 
significant (more than 3 mm) inward wall motion 
during isovolumic contraction. 

(c) Segments showing abnormal inward move- 
ment during isovolumic relaxation of 2 or more 
mm.? 

(d) Outward motion of 7 mm or more during 
isovolumic relaxation involving segments 25-40 
along the free wall.* 

The extent of each abnormality was determined 
from the number of segments for which values lay 
outside the 95% confidence limits of normal. To 
study regional velocity of wall motion individual 
plots were identified on the anterior wall, at the apex, 
and on the inferior wall and displayed separately 
along with their first differential with respect to 
time.® From this information the interval between 
maximum cavity area and peak rate of inward motion 
was plotted for each of the three segments together 
with the spread of values between them—that is the 
interval between the earliest and latest registration of 
the peak. Similarly, the timing of peak mward 
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Table Overall left ventricular function 

Group 1 Group 2 

(n= 10) (n=9) 
End diastolic volume (ml) 120 666) 180 (55) 
End systolic volume (ml) 75 (28) 710¢ 
Ejection fraction (%) 64(7) 60 (12. 
Peak ejection rate (ml/s) 815 (240) 560(135) 
Normalised ejection rate 37! 3 9(0 6) 40(1 5) 
Peak filling rate (ml/s) 890 (390) 480 (180) 
Normalised filling rate s”! 42(0'8) 3-5(1 6) 
Shape change (%) 16(7) 13(8) 


Group 3 Reproductbihty Normal 
(n= 5) (n= 20) 
190 (80 12 150 ( 
75 (eo 6 32(16) 
65 (29) 4 (7) 
680 (190) 110 580 (210) 
3-8 (0-9) 06 4201) 
800 (250) 90 690 (260) 
AALI 05 4-2 (0 7) 
25(11) 3 (7) 





motion and the end of rapid outward motion when 
the velocity had fallen to 20% of its peak value were 
also measured for each segment with respect to the 
timing of mitral valve opening along with the spread 
of each between segments. Regions in which the 
overall amplitude of motion was 4 mm or less were 
not studied, because the first derivatives consistently 
failed to show the normal configuration during ejec- 
tion and filling and these measurements could not be 
made. 


ANALYSIS OF CORONARY ARTERIOGRAMS 

Coronary arteriograms were examined when the 
analysis of wall motion was complete. In 19 of the 
patients, ome coronary artery was found to be 
completely obstructed. The cut off of contrast was 
sharp, and when streptokinase was infused a lumen 
was re-established. Such an obstruction was taken as 


Time (ms) 


Fig. 1 


being due to thrombus, and the affected artery was 
noted. The extent of the remaining coronary artery 
disease was also recorded. From this information it 
was possible to divide the patients into three groups: 
group 1—those in whom there was occlusion of a 
single coronary artery by thrombus, the other two 
vessels either being normal or showing no more than 
a trivial stenosis; group 2—those in whom there was 
occlusion of a single coronary artery by thrombus, 
but an important (more than 75%) lesion of one or 
both of the remaining arteries; and group 3—those in 
whom no thrombus could be identified but in whom 
coronary artery disease was present. Groups | and 2 
were further subdivided according to which of the 
three main coronary arteries was affected by the 
thrombus. 


STATISTICAL METHODS 
Student’s ¢ test was used to compare differences 





Time (ms) 


(a) Isometric plot of normal angiogram. Accentuated time markers (isochrones) represent aortic opening, aortic 


closure, and mitral opening, respectively. The pattern of wall motion is synchronous except in the most inferior segments 
where mitral valve motion ts recorded. (b) Contour plot of data from Fig. 1a. 
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between mean values. Reproducibility of measures 
of overall left ventricular function was established 
from measurements made in 18 patients in whom 
two beats were of adequate technical quality for digi- 
tigation; this was determined as the root mean square 
of the difference between the two determinations. 


Results 


DISTRIBUTION OF LESIONS 

Thrombosis of one coronary artery was demon- 
strated in 19 patients. Ten of them had no important 
disease elsewhere in the coronary tree (group 1), the 
thrombosis being ın the anterior descending ın three, 
in the circumflex in two, and in the right coronary 
artery in five patients. Of the remainder, in whom 
there was important disease elsewhere (group 2), the 
thrombosis was in the anterior descending in four, 
the right in three, and the circumflex in two. In the 
remaining five patients, no clear thrombosis was 
demonstrated (group 3); however, important disease 
of anterior descending alone was present in three, 
anterior descending and circumflex in one, and left 
main stem disease in one. 


OVERALL LEFT VENTRICULAR FUNCTION 
The Table gives measurements of overall left 
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ventricular function for the three groups of patients 
together with normal values and estimates of 
reproducibility from paired determinations. Values 
of end systolic volume were significantly greater than 
normal in groups 1 and 2 (p<0-05), but otherwise 
mean values did not differ significantly from normal, 
or from one another. In several cases, however, 
values outside the 95% confidence limits of normal 
were seen. These included seven in whom end 
diastolic volume was greater than the upper hmıt of 
normal, four in group 1, two in group 2, and one in 
group 3. End systolic volume lay outside the normal 
range in six cases in group 1, three in group 2, and 
one in group 3. Ejection fraction was below normal 
in only three patients, one in each group. Values of 
peak ejection were within the wide limits of normal 
in all patients, but peak normalised filling rate was 
low in four patients, three in group 2 and one in 
group 3; depression in group 2 was statistically 
significant compared with normal (p<0-05). The 
extent of overall shape change during the cardiac 
cycle was also within normal limits ın all except four 
patients, one in group | and three in group 2. 


REGIONAL LEFT VENTRICULAR FUNCTION 
Fig. 1 gives examples of isometric and contour 
displays from a normal subject. On the isometric 
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Fig. 2 (a) Isometric plot of angiogram from a patient unth recent right coronary artery thrombosis. Layout as in Fig. 1. 
There 1s abnormal outward motion during isovolumic contraction followed by prolonged tnward motion along the inferior 
wall during isovolumic relaxation. On the free wall there is abnormal outward movement during isovolumic relaxation. 

(b) Contour plot of data from Fig. 2b. 
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displays from a normal subject. On the isometric 
display the horizontal lines represent the 40 original 
plots of wall movement against time, inward 
displacement being represented as an upward devi- 
ation. The diagonal lines, isochrones, jom events 
occurring simultaneously on the 40 plots. The three 
accentuated isochrones represent the timing of aortic 
opening, aortic closure, and mitral opening. The 
position in the ventricle from which the plots are 
derived is shown on the left. The contour display is 
derived from the same information. Each contour 
represents 1 mm of inward or outward motion of 
endocardium from its position in the end diastolic 
frame. The three vertical lines again correspond to 
aortic opening, aortic closure, and mitral opening. In 
the normal subject, there is no significant wall 
motion before aortic valve opening. During ejection, 
there is synchronous inward movement of endo- 
cardium, shown by the contour lines being almost 
vertical except towards the apex. On the free wall 
outward motion starts during isovolumic relaxation 
and precedes that at the apex or on the inferior wall. 
After mitral valve opening, movement is rapid and 
synchronous as shown by the closely spaced and 
vertical contour lines. 
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RIGHT CORONARY ARTERY THROMBOSIS 

The right coronary artery was occluded by thrombus 
in eight patients, three of whom had important dis- 
ease elsewhere (Fig. 2a and b). The general direction 
of wall motion can be appreciated on the isometric 
plot (Fig. 2a), and the extent and localisation of any 
abnormality quantified from the contour display 
(Fig. 2b). Wall motion is abnormal in all regions of 
the ventricle. On the inferior wall there is 3 mm 
outward motion before and immediately after aortic 
valve opening over segments 5-10. Inward wall mo- 
tion then occurs, but it is delayed and continues 
throughout isovolumic relaxation, when 3-4 mm 
further inward movement is seen along the entire 
inferior wall. The overall amplitude of inward mo- 
tion is thus 9-10 mm, well within the 95% 
confidence limits of normal, although only 4 mm of 
this occurs during ejection. At the apex, there is 
akinesis (segments 22-25). Overall amplitude of mo- 
tion is normal along the free wall, but inward motion 
starts before gortic valve opening (5 mm in segments 
33—40). In addition, during isovolumic relaxation 
there is 10 mm outward motion from segments 
27-35. 


Time (ms) 


Fig. 3 (a) Isometric plot of angiogram from a patient with recent anterior descending thrombosis. Movement on the 
inferior wail ıs normal, but on the free wall there ts dyskinesis during the first half of ejection followed by delayed inward 
motion of 5 mm reaching a peak at the nme of mitral opening. (b) Contour plot of data from Fig. 3a. 
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In the group as a whole, the inferior wali was 
hypokinetic in only two, one of whom had an ejection 
fraction of 33%, while in the remainder the overall 
amplitude of inferior wall motion was within normal 
limits. Dyskinesis was not seen in any patient with 
right coronary artery thrombosis. On the free wall 
the amplitude of wall motion was increased in two 
patients to 23 and 24 mm (both in group 1) and was 
normal in the remainder. During ejection values 
were low (between 2 and 4 mm on the inferior wall 
in seven patients) and segments 10 (2) to 17 (3) (mean 
(1 SD)) were affected in group 1 and 5(1) to 13(3) in 
group 2. The difference between the overall ampli- 
tude of motion and that during ejection reflected 
abnormal movement during the two isovolumic peri- 
ods. In six out of the eight patients this occurred 
during isovolumic contraction and early ejection and 
affected segments 9 (3) to 15(3). At the same time, 
early inward movement of endocardium of 4-8 mm 
occurred in six patients in the anterior region of the 
cavity before aortic valve opening, confirming that 
cavity shape was changing during isovolumic con- 
traction. Wall movement during isovolumic relax- 
ation was also disturbed, with abnormal inward 
motion of 2 to 4 mm in segments 8 (3) to 12 (2) being 
recorded in seven of the eight patients. At the same 
time, abnormal outward movement of 9-13 mm oc- 
curred along the free wall in three patients followed 
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by abnormal inward movement during filling in one. 
Filling was incoordinate, with the timing of peak rate 
of outward motion showing a mean spread of 
105 (70) ms between segments (normal 40 (20) ms), 
though that of the end of filling (45 (30) ms) was not 
significantly different from normal (43(20)). Peak 
rate of outward motion along the free wall frequently 
occurred before mitral valve opening (mean 10 (70) 
ms), while that at the apex followed it by 35 (50) ms 
and on the inferior wall by 105(70) ms. The corre- 
sponding figures for normal are 40 (30), 40 (30), and 
40 (25) ms after mitral valve opening for the anterior, 
apical, and inferior regions respectively. 


ANTERIOR DESCENDING CORONARY ARTERY 
THROMBOSIS 

The pattern of free wall motion after thrombosis of 
the anterior descending coronary artery was similar 
but not identical to that on the inferior wall after 
thrombosis of the right coronary artery (Fig. 3a and 
b). Here wall motion is very abnormal, particularly 
between segments 24 and 33 where there is 2 mm 
dyskinesis during ejection. This is followed by in- 
ward movement, starting late in ejection and con- 
tinuing throughout isovolumic relaxation to reach a 
maximum at the time of mitral valve opening. Nor- 
mal outward movement is seen during filling. The 
overall amplitude of inward movement is 7 mm, well 






Fig. 4 (a) Isometric plot of angiogram from a patient with chronic anterior descending and circumflex disease but without 
evidence of thrombosis. Inferior wall motion is normal but apex and free wall are akinetic. There is no evidence of residual 


contractile acttmty. (b) Contour plot of data from Fig. 4a. 
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within the normal range for this region. Wall motion 
in the inferior part of the cavity is normal, both with 
respect to amplitude and to its time relations, and 
rapid outward motion of endocardium during ven- 
tricular filling is preserved. Thrombosis of the ante- 
tior descending coronary artery was seen in seven 
patients, four of whom had important disease of the 
other coronary arteries. A reduction in the overall 
amplitude of systolic wall motion was present at the 
apex in four patients and also affected the free wall 
in three. Important hypokinesis was seen during 
ejection in all. It was maximum along the anterior 
free wall and at the apex from segments 15 (2) to 
25 (3). Its distribution was unaffected by the pres- 
ence or absence of disease of the other coronary arte- 
ries. Dyskinesis of 2 to 5 mm was seen in two 
patients, involving segments 22-29 and 25-29, that 
caused an increase to 110 (50) ms in the time interval 
over which peak rate of inward movement occurred 
(p<0-01, compared with normal). An increase in the 
amplitude of inferior wall motion to 19 mm was seen 
in one patient. As after right coronary occlusion, the 
time relations of this hyperkinetic motion were nor- 
mal, During isovolumic contraction there was no 
evidence of the early outward motion of endo- 
cardium on the free wall resembling that seen along 
the inferior wall after right coronary artery oc- 
clusion. During isovolumic relaxation, however, in- 
ward motion of 3-5 mm was seen in each of the three 
patients with isolated anterior descending coronary 
artery disease (segments 23—35, 23-31, and 22-30) 
and in one of five in group 2. During filling, outward 
wall motion was not incoordinate, as it was in pa- 
tients with inferior infarction; the normal pattern 
was preserved with peak outward movement follow- 
ing mitral valve opening at all three sites. The spread 
of the timing of both the peak and the end of rapid 
outward motion between regions was also normal. 


CIRCUMFLEX CORONARY ARTERY 
THROMBOSIS 

The disturbance to wall motion after circumflex oc- 
clusion closely resembled that after occlusion of the 
right coronary artery. Overall amplitude of inferior 
wall motion was low in one of the four patients. 
During ejection it was reduced in all to 2-4 mm, over 
segments 8 (3) to 15 (2). Dyskinesis was not seen. In 
two patients there was synchronous hyperkinesis of 
the anterior wall (19 mm and 21 mm). Abnormal 
outward movement of 3 mm during isovolumic con- 
traction was present in two patients in segments 
14-18 and 17-20, and there was abnormal inward 
movement of the free wall of 6 mm in one. In three 
patients there was prolonged inward motion during 
isovolumic relaxation of 3—6 along the inferior wall; 
one of them also showed 16 mm early outward move- 
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ment on the anterior wall. The spread in the timing 
of the peak and end of rapid filling were 70 (75) ms, 
and 120(50) ms respectively, considerably greater 
than normal, although the difference was not statisti- 
cally significant at a sample size of four. No 
difference in the pattern of wall movement was 
present between the patients in group 1 and those in 
group 2. 


PATIENTS WITHOUT DEMONSTRABLE 
THROMBOSIS 
These patients demonstrated various disturbances of 
wall motion. All the four patients with important 
disease of the left anterior descending coronary ar- 
tery had hypokinesis affecting the free wall, and in 
one there was dyskinesis of 2 mm affecting segments 
22-26. An example is given in Fig. 4a and b. Here, 
there is a very extensive area of akinesis covering 
segments 14-40. Wall motion along the inferior wall 
is normal, both with respect to amplitude and also 
timing, with no disturbance during isovolumic con- 
traction or relaxation. There is no disturbance of 
wall motion over the remainder of the ventricle. 
Only one patient (with left main stem disease) 
showed early outward movement of endocardium at 
the apex (18-22), and none had any abnormality of 
wall motion during isovolumic relaxation. A patient 
with anterior descending coronary artery disease 
showed an increase in the amplitude of inferior wall 
motion to 22 mm, while in the remainder it was 
normal. 


Discussion 


Impairment of left ventricular function is a major 
cause of disability and death after acute coronary 


occlusion, and early and late mortality can be shown 


to be closely related to the extent of infarcted myo- 
cardium.’ !° The advent of procedures for re- 
vascularisation has altered the natural history of 
coronary thrombosis, so that the development of 
myocardial infarction in the absence of an adequate 
collateral flow is no longer inevitable. It seems rea- 
sonable to postulate a phase of partial loss before 
irreversible loss of function occurs. This might be 
termed impending myocardial infarction. Although 
there is no definite evidence for its existence in man, 
it might be recognisable from a pattern of wall mo- 
tion intermediate between normal and one that is 
whoily passive. Experimental studies suggest that 
the main characteristics of such wall motion might be 
a reduction in peak force and prolongation of tension 
development, with significant myocardial shortening 
occurring only as ventricular pressure falls at the end 
of ejection.!! Contrast angiography is a particularly 
suitable method for studying regional wall motion in 
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man. Its resolution in space is considerably superior 
to that of cross sectional echocardiography or radio- 
nuclide angiography, and frame rates of 50/s are 
readily attained. Because it is an invasive technique 
its use is necessarily limited, but when records are 
already being obtained as part of the clinical manage- 
ment of patients it seems desirable to extract the 
maximum information from them. We digitised all 
the frames in each cardiac cycle in order to study 
asynchronous wall motion rather than only those at 
end diastole and end systole, as in previous studies in 
which wall motion was analysed after acute myo- 
cardial infarction.'? 13 This proved to be essential if 
partial loss of function was to be detected. It also 
allowed us to avoid errora in the quantification of 
regional wall motion associated with use of only two 
frames.'* 

, Although all the patients studied had evidence of 
impending myocardial infarction, overall measures 
of left ventricular function were usually normal. 
This applied not only to ventricular volumes and 
ejection fraction, but also to peak ejection and filling 
rates. For all these quantities, estimates outside the 
95% confidence limits of normal were seen in only a 
few cases, and it was striking that all could be within 
normal limits in patients with severe disturbances of 
regional motion. Our observations thus extend those 
of Sheehan er al! in demonstrating the relative in- 
sensitivity of these overall measurements of left ven- 
tricular function in detecting the effects of 
impending myocardial infarction. 

The original experiments of Tennant and Wiggers 
in animals showed that regional akinesis or dys- 
kinesis was a specific feature of acute coronary artery 
occlusion.'® Similar findings have been demon- 
strated by cross sectional. echocardiography after 
acute myocardial infarction in man.'7~'® These 
studies were based on subjective examination of 
video tapes; normal limits for regional wall motion 
were not defined nor was the possibility of asyn- 
chrony considered. Regional hypokinesis has also 
been demonstrated angiographically by shortening 
of hemicords,”° subjective wall motion scores,?! re- 
duction in regional ejection fraction,?? or use of mul- 
tiple plots derived by the “center line” technique.?? 
Unlike these previous studies, we found the inci- 
dence of’ overall hypokinesis to be low in regions 
supplied by occluded coronary arteries. In part this 
arose from our use of 95% confidence limits. These 
are wide, making the definition of hypokinesis a 
strict one. The main reason, however, for the dis- 
crepancy was that appreciable wall motion also oc- 
curred during the two isovolumic periods, so that the 
inward component during ejection was reduced de- 
spite the overall amplitude being within normal lim- 
its. The distribution of hypokinesis during ejection 


„corresponded closely with that of the affected artery 


as demonstrated by ‘the right anterior oblique 
projection. Dyskinesis was less common and oc- 
curred in only three patients all of whom had oc- 
clusion of the anterior descending coronary artery. 

Asynchrony was the most common disturbance of 
wall motion in the first few hours after coronary 
occlusion. Several manifestations could be recog- 
nised. In the territory of the occluded coronary ar- 
tery the commonest disturbance was considerable 
inward motion of endocardium during isovolumic 
relaxation instead of the slight outward motion usu- 
ally seen in normal individuals. This inward motion 
reached its peak at the time of mitral valve opening. 
When the thrombus affected the right or circumflex 
coronary artery we also noted abnormal outward en- 
docardial motion of 2 mm or more along the inferior 
wall during isovolumic contraction and early ejec- 
tion followed by inward motion later ın ejection, 
which usually continued until aortic valve closure to 
merge with inward motion during isovolumic relax- 
ation. Associated with these disturbances in the re~ 
gion supplied by the occluded coronary artery, 
distant abnormalities were also seen, again in the two 
isovolumic periods. Early outward motion of the in- 
ferior wall during isovolumic contraction was associ- 
ated with abnormal inward movement of the free 
wall before aortic valve opening. Similarly, pro- 
longed inward motion during isovolumic relaxation 
of the inferior wall was associated with early ourward 
motion of the free wall, often amounting to 10 mm or 
more by the time of mitral valve opening, previously 
referred to as SERP (segmental early relaxation phe- 
nomenon.”* Both these latter disturbances appear to 
be manifestations of an overall change in cavity 
shape at a time of constant cardiac volume and so 
result directly from changes in the ischaemic area. It 
is not necessary to postulate any additional mech- 
anism such as ischaemia at a distance from the orig- 
inal infarct to explain them. 

Detailed analysis of these abnormalities of wall 
motion demonstrated important differences in pat- 
tern depending on the position of the affected myo- 
cardium within the ventricle. Thus, outward motion 
during isovolumic contraction did not occur on the 
free wall after thrombosis of the anterior descending 
coronary artery as it did on the inferior wall after that 
of the right or circumflex. True dyskinesis, that 15 
outward motion of endocardium throughout ejec- 
tion, was seen only on the anterior wall and not along 
the inferior wall in any of the eight cases with right 
coronary artery occlusion. In addition, delayed in- 
ward movement during isovolumic relaxation oc- 
curred on the inferior wall after right coronary artery 
occlusion whether or ‘not other coronary arteries 
were affected; while on the anterior wall it was seen 
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only with isolated left coronary artery occlusion and 
not when other vessels were affected. Finally, out- 
ward motion of endocardium during isovolumic con- 
traction occurred almost exclusively on the free wall 


after right or circumflex.coronary thrombosis but- 


not on the inferior wall after occlusion of the anterior 
desceriding coronary artery. Dependence of the pat- 
tern of wall motion on the region of the ventricle 
affected as well as on the coronary arteries affected 
also occurs in patients with chronic coronary artery 
disease so the precedent for variation of this sort is 
clearly established.?5 

These complex abnormalities in the timing of wall 
motion cannot be explained on the basis of simple 
movement of the heart in space. The possibility 
arises that they might be due to tethering,?® ım- 
plying that affected myocardium shows no appre- 
ciable intrinsic contractile activity and that any 


motion is passive and due to the physical proximity ` 


of a normally functioning region. This mechanism is 
incompatible with the unique phase relations of the 
affected areas, which differ both from normal and 
akinetic myocardium. If myocardium in affected 
areas behaved in a purely passive manner it would 
move outwards with systolic tension development 
and inwards again with the onset of diastole. Al- 
though outward motion did indeed occur during iso- 
volumic contraction and early ejection as would be 
expected from simple passive behaviour, inward mo- 
tion during late ejection before aortic valve closure is 
incompatible with this mechanism. Similarly, in- 
ward motion of these areas continued only during 
isovolumic relaxation, and was reversed during rapid 
filling at a time when ventricular pressure continued 
to fall, again a feature incompatible with purely pas- 
sive behaviour. The likeliest explanation seems to be 
that residual contractile activity persists ın these 
affected regions. In most instances such areas 
showed delayed inward wall moton during iso- 
volumic" relaxation, when ventricular pressure is 
likely to have been falling and the wall stress was 
thus lower than that during ejection. Such delayed 
and reduced contraction has been observed experi- 
mentally with hypoxia!! and after.reperfusion.27 28 
The pattern of regional wall motion thus suggests 
that the functional disturbance caused by coronary 
thrombosis in man may differ from that due to acute 
occlusion in animal models, and that it is incompat- 
ible with that predicted on the basis of purely passive 
behaviour. This is probably because coronary artery 
thrombosis usually occurs in the setting of coronary 
artery disease, with affected arteries being the seat of 


pre-existing stenosis: Adaptive changes in the distal . 


vascular bed can thus be postulated, in particular the 
development of collateral flow. Whatever the mech- 
anism, it seems that in most cases presenting within 
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six hours of the onset of the clinical syndrome of 
impending myocardial infarction a pattern of wall 
motion compatible with the persistence of some con- 
tractile activity can still be demonstrated in the terri- 
tory of the. affected artery, a finding that may well 


-have clinical relevance when the feasibility of lim- 


iting the extent of ischaemic damage is considered. 

These results may be of clinical value in assessing 
the effects of thrombolysis or other procedures de- 
signed to increase coronary flow immediately after 
acute coronary occlusion. They strongly suggest that 
using ejection fraction or other indices of overall left 
ventricular function is likely to prove unfruitful, 
since these measurements are so often normal in the 
control state. Regional wall motion must thus be 
studied, but to confine observations simply to its 
amplitude between frames arbitrarily defined as end 
diastolic and end systolic is likely to prove mis- 
leading. Its timing must also be documented. This 
not only allows errors associated with the two frame 
technique to be avoided, but also makes it possible to 
locate and quantify regions whose behaviour 
strongly suggests impairment but not loss of con- 
tractile activity. This information is potentially 
available non-invasively in man, for example from 
cross sectional echocardiography using appropriate 
methods of analysis and display,*° °° or from digital 
subtraction angiography. This might allow the pro- 
cess of patient selection for treatment designed to 
limit damage caused by infarction to be refined, and 
also might aid in the assessment of recently intro- 
duced procedures such as intravenous thrombolysis. 
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Method of assessing the reproducibility of blood flow 
measurement: factors influencing the performance of 
thermodilution cardiac output computers 
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of Aberdeen, Foresterhill, Aberdeen 


SUMMARY Measurements of blood flow by three different makes of thermodilution cardiac output 
computer in an artificial circulation were analysed by linear regression against absolute flow 
measured by timed blood volume collection. For each computer the horizontal distance between 
the 95% confidence limits for a single prediction was calculated at a standard flow rate of 5 litres 
per minute. This measurement represents the range of flow rates that could give rise to an 
identical measurement and provides a summary of the reproducibility of the computer’s results 
and its ability to detect a change of flow rate. 

This measurement was used to evaluate the effect on each computer’s performance of pulsatile 
or continuous flow, injectate volume, and injectate temperature. With continuous flow the opti- 
mum results were 1-8, 0-85, and 0-85 litres per minute and with pulsatile flow they were 1-3, 1:05, 
and 1-65 litres per minute. There was generally a deterioration in performance when pulsatile 
flow was evaluated. Under the conditions of the experiment optimum performance in both flow 
modes was obtained with 5ml of ice cold injectate, but these findings cannot necessarily be 
extrapolated to the clinical situation. 

With pulsatile flow the overall range of blood flows that could give rise to identical 
measurements were for each computer 2-0, 1-5, and 3-1 litres per minute, corresponding to 40, 30, 
and 62% changes of the standard flow rate of 5 litres per minute. 


There is no method of determining cardiac output umes of ice cold or room temperature injectate. For 
directly. Thermodilution is the most widely used of each cardiac output computer measurements of 
the indirect and invasive methods of measuring car- blood flow were correlated with absolute flow rate. 
diac output based on the Fick principle. There are The resulting regression equations were used to pre- 
varying estimates of the reproducibility of thermo- dict the measurements and their 95% confidence 
dilution and conflicting reports on the factors that limits that would have been expected at a standard 
influence it.! We have therefore assessed the accu- flow rate of 5 litres per minute. The reduction of 
racy and reproducibility of thermodilution in an flow rate necessary for a single measurement to fall 
artificial circulation using absolute flow rates mea- outside these confidence limits with 95% certainty 
sured by timed blood volume collection as the refer- was then calculated. This figure was used to sum- 
ence standard. marise the reproducibility of the measurement and 

Measurements were made by three cardiac output the computer’s ability to detect a change of flow rate, 
computers simultaneously, with continuous or pul- since in clinical practice the ability to recognise a 
satile flow at several flow rates, and with various vol- change of cardiac output is as important as mea- 

surement of its absolute value. 


Requests for reprints to Dr John M Rawles, University Methods 
Department of Medicine, Aberdeen Royal Infirmary, Foresterhull, 
Aberdeen AB9 2ZB. 
ARTIFICIAL CIRCULATION 


Accepted for pubhcation 17 September 1985 Figure 1 shows the components of the artificial cir- 
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Fig. 1 Design of artificial circulation. A and B are taps. 


culation which are connected by polyvinyl chloride 
tubing. A Sands 7400 pulsatile/constant flow pump 
was provided at “D” and a Cobe Optiflow IT bubble 
oxygenator and heat exchanger connected to a Radi- 
ometer Type VTS 13 water heater maintained cir- 
culating blood temperature between 36°C and 
37:5°C. The system was filled with eight bags of 
packed red cells (200 ml per bag), polygeline (Hae- 
maccel) 2000 ml, normal saline 800 ml, and silicone 
antifoam powder to give a circulating fluid volume 
of 4-4 litres from which all air bubbles were 
removed. The pump output passed a side arm 
through which three thermodilution catheters 
entered, their proximal ports lay 4 cm upstream of a 
trifurcation of the circulation, each channel con- 
tained a thermodilution catheter and carried a third 
of the total flow for a distance of 6 cm before being 
reunited 14cm proximally to the thermistors in the 
catheter ends. This configuration was adapted from 
that of Bilfinger etal? and was designed to avoid a 
stagnant pool and provide optimal mixing of the 
indicator by disturbing laminar flow, and also to 


Table 1 


allow the flow rate to be measured by all three ther- 
modilution computers simultaneously. The distal 
ends of the thermodilution catheters were fixed in 
the centre of the flow with their respective therm- 
istors facing outwards; the diameter (1:25 cm) and 
length of tubing at this point ensured laminar flow at 
the flow rates being used. 


THERMODILUTION 

Table 1 lists the thermodilution cardiac output com- 
puters and the catheters with which they were used. 
All three computers provide a digital read out of 
“cardiac output” based on automatic computation 
of the area under the temperature-time curves; 
Table 1 also indicates the different methods of calcu- 
lating this area. In the Instrumentation Laboratories 
computer the curve is displayed on a monitor; in the 
artificial circulation the curve invariably had a satis- 
factory appearance and was not recorded. 

‘The injectate was 5% dextrose solution, and when 
it was used at room termperature it had been stored 
in the room for at least 16 hours. Ice cold injectate 
was taken from a 500ml bottle of 5% dextrose that 
had been kept in an ice bucket for at least four hours 
and was drawn into syringes that had been kept in 
ice for at least 30 minutes. The loaded and capped 
syringes were then stored in ice for at least 30 
minutes before use and injected within five seconds 
of removal from ice. Injectate volumes of 3, 5, and 
10 ml were used with all thermodilution computers, 
but no results for 3ml injectate are given for the 
Instrumentation Laboratories computer since it is 
not designed to operate at this volume when a 7F 
catheter is used. The Gould computer gave frequent 
“out of range” reports with 5ml injectate at high 
flow rates. 

All injections were made with a carbon dioxide 
powered syringe driver (OMP Thermodilution 
Injector, Model 372000). During pulsatile flow the 
pressure waveform was monitored by an electro- 
magnetic transducer (Druck, model PDCR75), 
amplified (DC amplifier Roch 1-222), and the signal 
was used to trigger the syringe injector at the same 
point in the pump cycle for each measurement. 

The injectate temperature was measured by an in- 
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Cardiac output computer Thermodilution catheter 
Instrumentation Laboratories [L701 
Edwards 9520A Swan-Ganz 93A-131-7F 


Gould SP1435 with SP2009B 
printer/recorder 


IL 7F with in-line temperature probe 


Gould 7F with m-hne temperature probe 


Cardiac output computation 


Area under curve until return to baseline 


temperature 
Area under curve to 30% of peak temperarure 
change x 1 22 for tal 


change + area under 
87 5~31-25% peak + 55 55% of preceding 
arca 
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line temperature probe on the Instrumentation Lab- 
oratories and Gould computers. For the Edwards 
computer the temperature of the water bath contain- 
ing the loaded injectate syringe was measured 
directly. 

Measurements were made simultaneously on all 
three cardiac output computers at several flow rates 
after injection of 3, 5, and 10 mi volumes of ice cold 
and room temperature dextrose solution. 


ABSOLUTE FLOW MEASUREMENT 

To measure absolute flow rate, tap “A” was opened, 
tap “B” was closed (Fig. 1), and the time taken to fill 
a measuring jar was noted with a stop watch; an 
average of 4-4 measurements was made at each flow 
rate. The mean coefficient of variation was 08% for 
continuous flow measurements and 2:6% for pul- 
satile flow. 


STATISTICAL METHODS 

For each computer the mode of blood flow, injectate 
temperature, and injectate volume were analysed by 
linear regression of computer measurement against 
absolute flow rate. The predicted measurement ¥ + 
_ standard error of prediction at a standard flow rate of 
5 litres per minute was obtained by substitution in 
-the regression equation.* The graphical results show 
the regression line together with 95% confidence 
limits for a single prediction. The horizontal dis- 
tance, delta, between the confidence limits at a flow 
rate of 5 litres per minute was calculated and gave a 
reduction of flow needed for a single measurement at 
the new flow rate to fall with 95% certainty outside 
the confidence limits for measurements at a flow rate 
of 5 litres per minute. Alternatively delta may be 
considered as the range of flow rates that could give 
rise to identical measurements (p > 0-05). Delta may 
also be expressed as a percentage of the standard 
flow rate (D%). 


Results 


THERMODILUTION 

Figures 2-5 show the average estimates of blood 
flow at different flow rates in three different makes of 
thermodilhution machine and at three different injec- 
tate volumes. In Figs. 2 and 3 flow is continuous, 
and in Figs. 4 and 5 flow is pulsatile. Table 2 gives 
the regression equations derived from these results 
together with measurements predicted at a standard 
flow rate of 5 litres per minute. 


EFFECT OF INJECTATE VOLUME 

With continuous flow and injectate at room tem- 
perature, 10 ml injectate resulted in a larger error of 
prediction than one of 3ml or 5ml. The predicted 
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Fig. 2 Mean +1 standard deviation of blood flow 
measurement by three different thermodilution cardiac output 
computers at various absolute flow rates and various injectate 
volumes. Value of absolute flow rates is dicated by 
horizontal lines. Continuous flow, mjectate at room 
temperature. 


measurement at a flow rate of 5 litres per minute-#Was 
also larger in each case at 10ml, resuliing in 
improved accuracy with the Edwards computer 
which underestimated the measurements and 
reduced accuracy with the IL and Gould computers 
which overestimated the measurements. 

With pulsatile flow and injectate at ice tem- 
perature, a 5ml injectate gave least variability with 
Gould and IL computers but a 10 ml injectate gave 
least variability with the Edwards computer; there 
was no consistent effect on accuracy. With con- 
tinuous flow and ice cold injectate and with pulsatile 
flow and room temperature injectate there was no 
consistent effect on either accuracy or variability. 


EFFECT OF PULSATILE FLOW 

Pulsatile flow produced a pronounced increase in the 
variability of measurements, with the standard error 
of the prediction being approximately double that 
with continucus flow in most cases. The accuracy of 
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Fig.3 Asim Fig. 2 but with ice cold wyectate. 


the measurements was reduced with flow rates being 
overestimated, sometimes very substantially. 


EFFECT OF INJECTATE TEMPERATURE 

Use of ice cold injectate instead of injectate at room 
temperature reduced the variability and improved 
the accuracy of the IL and Edwards but not the 
Gould computer during continuous flow mea- 
surements. Use of ice cold injectate with pulsatile 
flow reduced variability but led to a further substan- 
tial overestimation of flow rate, except in the case of 
the IL computer where there was a slight reduction 
in the gross overestimate present with pulsatile flow. 


OPTIMUM AND OVERALL PERFORMANCE 

With pulsatile flow the highest correlation 
coefficient and the lowest percentage horizontal dis- 
tance between confidence limits (D%) were 
obtained by each computer with a 5ml ice cold 
injectate. Under these conditions the lowest stan- 
dard error of prediction was 0-48 litres per minute, 
that is 9 6% of the flow rate of 5 litres per minute 
used in the prediction. Figures 6° to 8 show the 
regression lines relating measurements made by the 
three cardiac output computers to flow rates 
together with 95% confidence limits for a single pre- 
diction when 5 ml of ice cold solution was injected. 
The 95% confidence limits at a flow rate of 5 litres 


] 
] 


] 
] 
] 


a 
F 


A ers mm 
3510 35 16 357 
Injectate volume (mi) 


Fig.4 Asin Fig. 2 but with pulsatile flow, and injectate at 
room temperature. 


per minute are 1:3, +1-0, and 1:5 litres per 
minute, and the percentage horizontal distance 
between confidence limits (D%) is 26%, 21%, and 
33% of the standard flow rate for IL, Gould, and 
Edwards cardiac output computers respectively. 

Injectate temperatures and volumes giving the 
most accurate predictions of pulsatile flow rate were 
different for each computer. The predictions were 
9-47, 5-29, and 5-77 litres per minute for IL, Gould, 
and Edwards computers and the corresponding per- 
centage horizontal distances between confidence 
limits were 26, 66, and 87% respectively. 

During pulsatile flow with injectate volumes of 5 
or 10 ml at room or ice temperature the percentage 
horizontal distances between confidence limits-were 
40%, 30%, and 62% for IL, Gould, and Edwards 
computers. These values summarise each com- 
puter’s overall performance and correspond to a 
range of blood flows of 2:0, 1:5, and 3 1 litres per 
minute which could give rise to identical mea- 
surements (Figs. 9-11). 
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Fig.5 Asin Fig. 2 but with pulsatile flow, and ice cold 
injectate. 


COMPARISONS BETWEEN CARDIAC OUTPUT 
COMPUTERS 

With pulsatile-flow all three cardiac output comput- 
ers overestimated absolute flow rate but when com- 
pared with each other décufacy is apparently greatly 
improved. This suggests that the factors resulting in 
loss of accuracy with pulsatile flow affect all three 
computers similarly. Table 3 gives a correlation 
matrix based upon 63 simultaneous measurements 
made with ice cold and room temperature injectate 
of 5 and 10 ml. 


Discussion 


MEASUREMENT OF CARDIAC OUTPUT 

BY FICK 

The direct Fick method is the reference method for 
measuring cardiac output in man.* This technique 
requires the measurement of partial pressures of 
oxygen and carbon dioxide in expired air, and mea- 
surement of oxygen saturations in arterial and mixed 
venous blood over several minutes. Important 
sources of error are incomplete gas collection, inade- 
quate mixed venous sampling, and a non-steady 
state.” Right heart catheterisation is required as well 
as arterial sampling since the only satisfactory source 
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of mixed venous blood is the pulmonary artery. 
Unless the patient is intubated a high degree of 
patient cooperation is required te get a complete gas 
collection. The quoted error of the method is about 
10%,° but although the median difference in’ dupli- 
cate readings was 8:6% the results were skewed and 
13% of readings had differences greater'than 19%.” 

The Fick principle, with its assumption of steady 
state Conditions, is poorly adapted to measuring pul- 
satile flow with oxygen as a dilutant; oxygen enters 
the circulation phasically with respiration. The 
latter problem is overcome by dye and thermo- 
dilution methods in which a known quantity of 
marker is injected into the circulation. The under- 
lying theory generally assumes continuous flow® ° 
but a mathematical proof of the validity of applying 
the method to pulsatile flow has been given.' 


DYE DILUTION 

The direct Fick method for measuring cardiac out- 
put was superseded by dye dilution, and while there 
appear to be no systematic differences between the 
two techniques, individual differences may be pro- 
nounced. Thus 12 of 53 comparisons varied by 
>25%,'1 six of 48 comparisons differed by 
>25%,!? and 26 of 105 comparisons deviated by 
> 20% from the line of identity.1* The total dose of 
dye limits the number of measurements that may be 
made in any individual. 


THERMODILUTION 
Thermodilution has now supplanted dye dilution as 
the standard method of cardiac output mea- 
surement. '* The advantage over dye dilution is that 
the marker is innocuous so there is virtually no‘limit 
to the number of measurements that may be made, 
and recirculation is not a major problem.’ 
Difficulties result from the use of heat as a marker, 
however, because an unknown quantity of thermal 
indicator may be lost from the injectate before it 
enters the circulation,! and subsequently from the 
circulation through the vessel wall.!® Intrathoracic 
blood temperature may fluctuate due to a phasic 
exchange of heat with air in the lungs!” and a vari- 
able return of cooler venous blood from the periph- 
ery.!8 The former problem is overcome by the 
inclusion of a correction factor in the calculation of 
cardiac output to allow for loss of cold injectate, 
which can be minimised by using injectate at room 
temperature.’ Reducing the temperature 
differential between blood and injectate, however, 
increases the effect of “noise” in the baseline tem- 
perature measurement on the calculation of the area 
under the temperature time curve. 

When they introduced the technique of thermo- 
dilution Ganz etal compared it with dye dilution 
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Table 2 Correlation coefficients and regression equations relating flow rate and its estimation by three different makes of thermodilunion 
cardiac output computer 





_ Tharmodilution computer Injectate volume (mi) r a b SEE 3d SEP Delta DY n 
Continuous flow—room temperatura mjectate 
IL 5 091 095 0 62 561 070 315 63 21 
10 0-88 —0 38 1 64 1-98 7-84 209 5:25 105 29 
Gould 3 098 027 101 0-18 5-30 029 130 26 12 
ad 5 0-97 0 48 097 033 5 33 037 160 32 21 
-10 098 0 42 098 043 7 5 33 045 190 38 29 
Edwards 3 0-97 0 24 078 016 414 0-25 140 28 12 
5 099 025 085 022 449 0 24 120 24 21 
10 0-96 —0 04 0 059 488 063 265 53 29 
Continuous flow—tce cold myectate 
IL 5 0 96 —0 19 113 0-40 5 44 047 180 36 19 
10 093 010 103- 052 525 0-58 235 47 24 
Gould 3 093 019 116 0 60 598 069 250 50 21 
5 0 99 ~014 124 021 6 08 0-25 0-85 17 19 
10 0 94 033 098 045 5 22 051 215 43 24 
Edwards 3 0-99 015 088 0-16 454 018 085 17 21 
5 099 015 0 88 015 457 018 0-85 17 19 
10 * 099 029 078 0-17 421 019 100 20 24 
` Pulsatile flow—room temperature myectate 
IL 5 0 87 ~371 2-87 108 10 64 185 295 59 Il 
10 091 —1 93 2-42 141 10 16 157 275 55 20 
Gould 3 0 87 0-18 1-02 035 5 29 071 3-30 66 9 
5 097 —2 94 2-64 0 40 10 25 0 68 120 24 H 
10 0:94 ~0 30 1-62 073 779 081. 210 42 20 
Edwards 3 087 °° —0 76 1-36 094 603 106 330 66 19 
5 091 —3 80 281 0 86 10-25 148 4-80 48 Il 
10 081 058 104 0 96 5-77 107 435 87 20 
Pulsatile flow—tce cold myectate 
IL 5 0-98 —1 62 2 0 58 947 0 66 130 26 18 
10 = 0-92 —0 73 205 0 87 951 101 215 43 14 
Gould 3 092 —0 39 159 0-63 753 073 195 39 23 
5. 09 —1 10 196 042 8-70 048 105 21 18 
10 097 0 06 1-63 044 8 22 051 135 27 14 
Edwards 3 0 83 —0 28 160 119 773 130 335 67 28 
5 097 ~1 04 1-93 0-65 859 074 165 33 18 
10 094 065 1-35 051 739 0-60 195 39 14 





r, correlation coefficient for which the regression equation 13 y =a + bx where x1s flow rate, y is cardiac output computer measurement, SEE, standard error 
of the estimate, 7 1s predicted value of measurement for x5; SEP, standard error of prediction, delta, horizontal distance between 95% confidence limits 
at an upper flow rate of 5; D%, delta x 100/3 Units are litres per minute. 
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Fig.6 Regression of individual measurements of blood flow Fig.7 Asin Fig. 6 but for Gould computer. 
by IL thermod:lution cardiac output computer against 
absolute blood flow together wth 95% confidence limits for a 


anglé prediction, Horizontal distanet be g and the correlation coefficient was 0-96 with a stan- 


dard-error of the estumate of 0-36 litres per minute or 
limits 1s expressed as a percentage of standard flow rate of a 
5 heres per minute. Optimal results with 5 ml ice cold 7% of the mean cardiac output which was about 5 
injectate. In Figs. 6 to 11 scales for axes differ to litres per minute.*" In clinical studies other groups 
accommodate overestimation of flow rate by all three cardiac have obtained coefficients of correlation between 
output computers. thermodilution and-dye dilution methods ranging 
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As in Fig. 6 but for Edwards computer. 





Flow rate (I/min) 


Fig.9 As in Fig. 6 but showing overall results for 5 ml and 
10 ml of ice cold or room temperature tyectates and an IL 
computer, 


from 0-90 to 0-99,7!~25 and correlation coefficients 
were 0-70 and 0-93 when the thermodilution method 
was compared with direct Fick.?¢?7 

Fischer et al used an injectate of cold indocyanine 
green for simultaneous measurement of cardiac out- 
put by thermodilution and dye dilution in cardio- 
thoracic patients in the operating theatre and 
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Fig. 10 Asin Fag. 9 but for a Gould computer. 
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As in Fig. 9 but for an Edwards computer. 


Fig. 11 


intensive care unit.?? By duplicating all mea- 
surements they were able to estimate the propor- 
tions of total variance that could be attributed to 
flow change between measurements, random error, 
and calibration error of dye and thermodilution sep- 


Table 3 Correlation matrix giving correlation coefficients and prediction of measurement and standard error of prediction 
based on 63 simultaneous estimates of pulsatile flow rate by three different makes oj thermodilution cardiac output computer 


nth we cold and room temperature injectates of 5 and 10 ml 





y Flow rate IL ' 
x 
Flow rate 0 933 

¥ (SEP) 9 80 (1 14) 
130) 0 933 

3 02 (0 45) — 
Gould 0 961 0 961 

3 20 (0-34) 5 52 (0 87) 
Edwards 0 859 0 869 

3 48 (0 64) 6 22 (1-55) 


Gould Edwards 

0961 0 859 

8 31 (0 66) 731 (112 

0961 0-869 

465 (0 65) 418 (111) 
0 941 

~ 4 47 (0 76) ' 

0 941 

5 56 (0 79) 


r, correlation coefficient for which the regression equation 1s y =a + bx where x 18 flow rate, and y 18 cardiac output computer measurement; 


$ 18 predicted value of measurement for x= 4; SEP, standard error of 


. Units are litres per minute. 
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arately. In the intensive care unit, where patients 
were haernodynamically more stable than in the 
operating theatre, flow change was 5% between 
measurements, reproducibility was 10% and 11%, 
and the random error of a single measurement by 
dye dilution and thermodilution was 5-5% and 6.5% 
respectively. This study, however, and the others 
cited, all have the drawback that there is no absolute 
yardstick of cardiac output measurement, and the 
comparability of results from two related techniques 
does not rule out the occurrence of a systematic error 
that affects both. The correlation between two indi- 
cator dilution techniques may be closer than that 
between thermodilution and the direct Fick method 
with which thermodilution has less often been com- 
pared. 

An electromagnetic flowmeter has been used to 
measure cardiac output in dogs and calves, and the 
correlation coefficients compared with thermo- 
dilution were 0 97 and 0-98, with standard errors of 
the estimate of 0:45 and 0-75 litres per minute 
respectively.?° 


STATISTICAL ASPECTS OF 
REPRODUCIBILITY 

The correlation coefficient is commonly used to 
express the relation between measurements of car- 
diac output made by two different methods. Its 
value is, however, influenced by the range of values 
studied, so that it may be substantially increased by 
a single outrider. The standard error of the estimate 
gives more information about the scatter of values 
around the regression line, and hence the confidence 
of a prediction, than the r value. The standard error 
of the estimate, however, is closely related to the 
correlation coefficient and has some of its limi- 
tations. Unfortunately, in published reports on car- 
diac output measurement even the standard error of 
the estimate is not always quoted or there is 
insufficient raw data to make meaningful com- 
parisons between different reports. 

We have used the standard error of the prediction 
as a means of expressing variability.’ It increases as 
the predictor variable moves away from its mean 
value, and its calculation at a standard flow rate of 5 
litres per minute allows direct comparison of vari- 
ability measured under different experimental con- 
ditions. By itself, the standard error of the predic- 
tion, or any other measure of variability such as the 
standard error of the estimate, is insufficient to 
describe the performance of a method for measuring 
cardiac output since Wi instrument which gives the 
same measurement whatever the flow rate would 
have low variability but would not fulfil its clinical 
function of measuring a change of cardiac output. 

The standard error of the prediction is approxi- 


mately one quarter of the vertical distance between 
95% confidence limits for a single prediction. The 
horizontal distance between confidence limits has 
been used in this paper to provide a summary of the 
overall performance of the cardiac output comput- 
ers. It is related to the vertical distance by the slope 
of the regression line relating measurement and flow 
rate, thus overcoming the objection to the use of a 
measure of variability by itself. In the case of an 
instrument that gives the same result whatever the 
flow rate its value would be infinitely large. The 
horizontal distance between confidence limits repre- 
sents the range of flow rates that could give rise to 
the same measurement. It is equal in value to the 
vertical distance between confidence limits if the 
regression is reversed and flow rate is regressed on 
its measurement. It is not the same as the minimum 
change of flow that may be recognised; providing the 
slope of the regression line is not zero any change of 
flow rate may be detected if a sufficient number of 
measurements is made. 


IN VITRO VALIDATION OF 
THERMODILUTION 

Bilfinger et al evaluated the performance of an 
Edwards cardiac output computer in an in vitro 
model using a continuous flow roller pump.? With a 
10 ml injectate at room temperature the mean accu- 
racy of estimates of six flow rates was within 7% 
with a coefficient of variation of 5-4%. Neither the 
volume or temperature of the injectate had any 
influence on their results. In our circulation model, 
adapted from that of these workers, the Edwards 
computer measured four flow rates with a mean 
accuracy of 3:2% and a coefficient of variation of 
9-6%, the total error with our model under condi- 
tions of continuous flow being very simular in mag- 
nitude to that of Bilfinger ez al. 

Powner and Snyder compared six thermodilution 
cardiac output systems in vitro using a pulsatile 
pumping unit,*° but none of the models we studied 
was included. The standard deviations of the mea- 
surements at a flow rate of 4:26 litres per minute (the 
nearest value to our standard flow rate of 5 litres per 
minute) varied from 0 046 to 0-11 litres per minute 
with room temperature injectate and 0-052 to 0-19 
litres per minute with ice cold injectate. The same 
pulsatile flow rate was under or overestimated by 
—8-7 to +92% with room temperature injection 
and —02 to +235% with iced injectate. 
Reproducibility and accuracy were generally better 
than in our circulatory model but no clear relation 
with our own results emerges, and the most 
important conclusion may be that the operating con- 
ditions for optimal reproducibilty or accuracy in one 
experiment may not be the same as in another. By 


C 
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implication, the results in our artificial circulation 
may not be applicable to the clinical situation. 


INJECTATE TEMPERATURE 
Shellock et al compared thermodilution cardiac out- 
put measurements using ice cold and room tem- 
perature injectates and concluded that the mea- 
surements and their variability were similar by both 
methods, both in critically ill subjects with a normal 
body temperature?! and in hypothermic surgical 
patients,?* Other groups have shown that the use of 
room temperature rather than’ ice .cold injectate 
increased the variability of the results, but the 
increase in the coefficient of variation bas not always 
been statistically significant.?> 34 

Our experiments showed that the use of ice cold 
injectate generally reduced the variability of mea- 
surements compared with that when the injectate 
was at room temperature, as would be expected the- 
oretically. With continuous flow and ice cold injec- 
tate, the pooled measurement prediction at a flow 
rate of 5 litres per minute was overestimate by only 
2:2%, indicating that the correction factors for loss 
of marker from the injectate are more or less correct 
in our experimental model. 


EFFECT OF PULSATILE FLOW 

With continuous flow, the temperature-time curve 
declines exponentially after the maximum tem- 
perature difference has been reached, enabling the 
time at which temperature returns to the baseline 
value to be predicted from the slope of the earlier 
part of the curve. This may be advantageous since 
otherwise the correct calculation of the area of the 
tail of the curve is critically dependent on absence of 
fluctuation of baseline temperature. Since the esti- 
mation of the total area under the curve, and hence 
cardiac output per minute, is based on a time sample 
considerably shorter than a minute, the shorter the 
time-base of the calculation the larger the sampling 
error. This is of little moment if flow is continuous, 
but is potentially an important source of error when 
flow is discontinuous or pulsatle. 

Pulsatile flow brings an additional problem: the 
concentration-time curve for the marker no longer 
shows a smooth exponential decline but is stepped 'in 
phase with systole. The damping of the response pro- 
‘duced by use of a cuvette in dye dilution has the effect 
of smoothing the exponential curve, and this may be 
achieved electronically in the design of the therm- 
istors used in thermodilution. Although theoretically 
a slightly delayed response of the marker detecting 
system should not alter the area under the curve,’° it 
has been found that use of a thermistor with a long 
time constant reduces the area and overestimates the 
flow rate.’ On the other hand, if the curve is inade- 
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quately smoothed, estimation of the mean rate of 
exponential decline is subject to considerable error. 

The mathematical validity of thermodilution as a 
method of calculating cardiac output when flow is 
pulsatile depends on absence of overlap between the 
frequency spectra of flow (determined principally by 
the heart rate) and the process of mixing and ther- 
modilution.® Theoretically, the error due to pul- 
satility is small, but theory indicates a particular sus- 
ceptibility to low frequency fluctuations in flow rate, 
such as are associated with respiration, and this has 
been found in practice.3” 

Our circulation model permits comparison 
between measurements of continuous and pulsatile 
flow. The roller pump we used closely simulates nat- 
urally occurring pulsatile flow, as judged by the sim- 


` ilar appearances of the Doppler ultrasound record- 


ings in vitro and in vivo.>° In all three cardiac output 
computers accuracy and variability were 
significantly -worse with pulsatile than with con- 
tinuous flow. The pooled result of the predicted 
measurement at a continuous flow rate of 5 litres per 
minute was 5-6 (1-1) litres per minute and that dur- 
ing pulsatile flow was 8-1 (1-2) litres per minute. The 
explanation for this overestimation during pulsatile 
flow is unlikely to be a greater loss of indicator from 
the circulation since any temperature differential 
within and without the circulation is unlikely to be 
altered by the pattern of flow within it. Pulsatile flow 
might increase the degree of mixing of the indicator, 
but this would only cause an increase in the esti- 
mation of pulsatile relative to continuous flow if 


„mixing with continuous flow was inadequate. This 
seems unlikely since with continuous flow both 


reproducibility and accuracy were better than with 
pulsatile flow. Error in the calculation of the area 
under the temperature-time curve is almost cer- 
tainly the main source of inaccuracy with pulsatile 
flow. A slow thermistor response may contribute to 
this inaccuracy, and sampling error is another possi- 
ble factor. 

With pulsatile flow, correct estimation of flow per 
minute is only possible if the indicator dilution 
curve that comprises the time sample is equivalent to 
a whole number of pump cycles. If the time sample 
always starts with systole or a period of rapid flow 
and is not an exact number of pump cycles then 
average flow will be overestimated. Conversely, if 
the time sample starts with diastole or a period of 
stationary flow then average flow will be under- 
estimated except when the time sample is an exact 
number of pump cycles. In our circulation model 
operation of the injectate pump was synchronised 
with the pressure wave in all measurements with 
pulsatile flow in order to minimise variability, but 
unwittingly reproduced the situation in which over- 
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estimation of average flow is probable. If syn- 
chronisation has contributed to overestimation of 
flow rate, then injection.of indicator randomly at any 
phase of the cardiac’ cycle, which is the case in clin- 
ical practice, will result in a substantial mcrease in 
variability though this will be accompanied by an 
improvement in accuracy. 

The measurement of cardiac output by thermo- 
dilution is influenced by the low frequency 
fluctuation in flow rate caused by respiration, and it 
has been suggested that injection of the cold charge 
shouldbe repeated at intervals throughout the respi- 
ratory cycle since the phase relation between venti- 
lation and flow rate is inconstant.’ The potential for 
variation of the measurement as cardiac and respira- 
tory cycles interact is considerable. 


INJECTATE VOLUME 
Bilfinger et al claimed that in vitro neither the tem- 
perature nor volume of injectate had any effect on 
the results from an Edwards cardiac output com- 
puter,” but using a computer of different make Elk- 
ayam etal showed that a 10 mi injectate resulted in 
less variability than either a 5 ml or 3 ml one.** 
The volume of injectate used in thermodilution is 
a compromise. At one extreme a small volume leads 
to a temperature change that is lost in the fluctuation 
of baseline temperature. At the other extreme a large 
injectate volume will. alter the flow rate (mea- 
surement of which is being attempted), will be 
incompletely mixed with blood flow, and will take an 
appreciable time to inject in relation to the mean 
transit, time of blood from injection site to sensor. 
The net effect of increasing injectate volume on the 


-accuracy and variability of thermodilution mea- 


surement is unpredictable and in our experiments it 
was different for each cardiac output computer. 
Because injectates of different volumes take different 
times to inject, the volume of injectate may alter the 
shape and duration of the temperature-time curve 
and hence alter the sample time, and this may 
explain why injectate volume has a much greater 
effect on accuracy during pulsatile than during con- 
tinuous flow. 


COMPUTATION OF AREA UNDER CURNE 

If the main source of error during pulsatile flow 
results from inaccuracies in computing the area 
under the temperature-time curve, then computers 
using similar methods of doing this are likely to give 
results more closely correlated with each other than 
with absolute flow or with a computer using a 
different method of calculating the area under the 
curve. Thus, the correlation between IL and Gould 
computers, which use the longest time samples, is 
closer than the correlation of either with the 


Edwards computer which uses the shortest sampling 
time. Many of the errors in the indicator dilunon 
method of determining cardiac output are common 
to both dye dilution and thermodilution. Com- 
parison of thermodilution and dye dilution does not 
therefore constitute an adequate validation of either 
method. 


CONCLUSIONS 

Although it may be valid theoretically, thermo- 
dilution as a method of measuring cardiac output is 
riddied with compromises when flow is pulsatile. 
The injectate volume and temperature for optimum 
accuracy is different from that for optimum 
reproducibility, differs from computer to computer, 
and alters in different experimental or clinical situ- 
ations. 

Thermodilution has usually been validated 
against another indicator dilution technique which 
will be similarly susceptible to errors. Our expen- 
ments have shown that with pulsatile flow very little 
reliance can be placed on the absolute measurement 
of blood flow -by thermodilution, and in two out of 
the three cardiac output computers tested there is a 
closer correlation with another computer than with 
absolute flow rate. Under optimum conditions in 
vitro the standard error of the prediction for a flow 
rate of 5 litres per minute is seldom less than 0-5 
litres per minute or 10%. Under clinical conditions 
and with the influence of respiration the error of the 
method is likely to be substantially in excess of this 
figure. Levitt and Replogle conclude that the overall 
biological error of any method of cardiac output 
measurement is 15-20%, and thermodilution falls 
within that range.’ Thus, as a gold standard for 
comparison with newer methods of measuring 
cardiac output, thermodilution looks somewhat 
tarnished.*? 


We are grateful to Grampian Health Board for a 
research grant. 
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Reproducibility of linear cardiac output 
measurement by Doppler ultrasound alone 
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SUMMARY Inclusion of a pig aorta in an artificial circulation with pulsed blood flow allowed 
correlation of minute distance, measured in the aorta by Doppler ultrasound, and absolute blood 
flow, measured by timed blood-volume collection. The correlation coefficient was 0:99 with a 
standard error of prediction that was 5-4% of the minute distance predicted at a standard flow rate 
of 5 litres per minute. The horizontal distance between 95% confidence limits for a single 
prediction expressed as a percentage of 5 litres per minute was 33%, and this corresponded to the 
range of flow rates of 1:65 litres per minute that could give rise to the same measurement. 

In 142 patients duplicate measurements of minute distance were made with repositioning of the 
ultrasound transducer between recordings. The mean difference between paired readings, 
expressed as a percentage of the average (SD) of each pair was 5-4 (4-7)%. Thus, the non-invasive 
measurement of linear cardiac output by Doppler ultrasound is similarly reproducible in vitro 
and in vivo and compares favourably with the measurement of volumetric cardiac output by 
thermodilution. 


Non-invasive methods of measuring cardiac output pig aorta into the artificial circulation we were able 
using Doppler ultrasound have recently become to correlate absolute and Doppler ultrasound 
available,'* leading to the development of the measurement of blood flow to give an assessment of 
concept of cardiac output as a distance.? Before the latter method’s reproducibility and ability to 
measurement of linear cardiac output can be used detect a change of flow rate in terms directly 
with confidence, however, comparison with comparable with thermodilution. 

conventional volumetric cardiac output is needed. A The reproducibility of linear cardiac output 
newly introduced technique even if it is intrinsically | measurement made by Doppler ultrasound alone 
highly reproducible may appear to perform badly if was also assessed from paired recordings in patients. 
compared with a reference method that is 

unreliable.t We have described a method of Methods 

assessing the accuracy and reproducibility of blood 

flow measurement by thermodilution using an DOPPLER MEASUREMENT IN VITRO 

artificial circulation in which absolute flow rate can An aorta was dissected from a large pig and after its 
be measured. From the regression between the side vessels had been tied off it was incorporated at 
measurement of blood flow rate and its absolute point “C?” into the artificial circulation previously 
value, the horizontal distance between the 95% described. The aorta was allowed to assume its 
confidence limits of a single prediction was natural curvature while suspended in a dish of liquid 
calculated. This represented the range of flow rates paraffin. The ultrasound transducer was aligned 
that could give rise to an identical measurement; a tangentially to the arch and in lune with the direction 
change of flow rate has to exceed this figure to give of midstream blood flow and recordings made at 
rise to a change of measurement with 95% certainty. seven different pulsatile flow rates. 

In this paper we describe how by incorporation of a 


DOPPLER MEASUREMENT IN VIVO 
Requests for reprints to Dr John M Rawles, University Department : ; 
of Medicine, Aberdeen Royal Infirmary, Foresterhill, Aberdeen I2 142 subjects aortic blood velocity was recorded 


AB9 2ZB over an average of 117 cardiac cycles using the 
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1006 (Muirhead Medical Ltd) as described 
previously. The recordings were made by one 
operator (F M McC) with the subject supine or in 
the left lateral position and they were then 
immediately repeated after removing and 
repositioning the transducer. 


INTERPRETATION OF DOPPLER RECORDINGS 

Fig. 1 shows a typical in vivo trace (a) and (b) shows 
how similar it is to an in vitro trace. The 
velocity-time complexes are approximately 
triangular, and their outline represents the highest 
velocity recorded in the ultrasound path at any 
instant. The area within the velocity-time complex 
is recorded in cm as stroke distance, with the 
product of stroke distance and heart rate giving 
minute distance. For each in vivo recording peak 
aortic blood velocity and stroke and minute 
distances were averaged from 10-12 consecutive 
beats using our own curve-following programme 
with a Summagraphics Bitpad and Sirius 
microcomputer. The coefficient of variation of each 
of these measurements was also computed to show 
the extent of beat-to-beat variation. A mean of 17 
consecutive pulses from each in vitro recording was 
digitised at each flow rate. 


REPRODUCIBILITY OF DIGITISING DOPPLER 
RECORDINGS 

Sixty aortovelography recordings were digitised by 
the same person (MKD) on two occasions that were 
separated by an interval of several weeks and the 
results were compared. The electrocardiogram was 
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not recorded and heart rate was estimated from the 
mean interval between the leading edges of 
consecutive velocity-time complexes. Another 50 
aortovelography recordings were digitised twice by a 
second person (NEH). 


STATISTICAL METHODS 

We used linear regression to relate actual blood flow 
and its measurement and to calculate the regression 
equation that was used to predict the measurement 
(+ the standard error of prediction) that would be 
shown at a standard flow rate of 5 litres per minute.’ 
The graphical results show the regression line 
together with the 95% confidence limits for a single 
prediction. The change of blood flow rate equivalent 
to the horizontal distance between the confidence 
limits was calculated and expressed as a percentage 
of 5 litres per minute. 

The reproducibility of paired measurements was 
calculated as the difference between the greater and 
lesser measuzements expressed as a percentage of 
the mean of the pair. 


Results 


COMPARISON OF IN VITRO DOPPLER AND 
FLOW RATE 

Figure 2 shows the correlation between absolute 
flow rate and minute distance determined 
ultrasonically in a pig aorta included in the artificial 
circulation. The minute distance at each point on the 
regression line was derived from an average of 17 
systolic velocity-time complexes and the standard 


t 


Reproducibility of linear cardiac output measurement by Doppler ultrasound alone 27 


500 


O 


: 


Minute distance (cm) 
3 
s 


Š 


0 “2 "6 
Flow rate (Umm). 
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-predicnon for the measurement of minute distance agamst 


flow rate n a pig aorta m an arnfiaal circulation. At each 
flow rate the mean (SE) of an average of 17:7 beats is 
indicated. Horizontal distance between confidence limats ts 
expressed as a percentage of standard flow rate of 5 litres per 
minute, 





REPRODUCIBILITY OF IN VIVO DOPPLER 
MEASUREMENTS 

. Table 1 summarises the reproducibility of peak 
aortic blood velocity, heart rate, and stroke and 
' minute distances in 142 paired measurements. The 
mean reproducibility of minute distance was 5 4%, 


_ but some of this variability arises from spontaneous 


fluctuation of cardiac output rather than its 
measurement. The mean reproducibility of heart 
rate (which is measured with an accuracy of > 99%) 
was 4:1% , and the correlation between differences in 
. Minute distance and differences in heart rate had a 
coefficient of 04 (p <0- 001); the proportion of 
variance in paired minute distance measurements 
that may be attributed to changes in heart rate is 
therefore at least 16%. 

There is no consistent trend between the first and 


second measurements, except for peak aortic blood 


velocity which fell by <1% (p < 0-05). Heart rate 
increased by <1 beat per minute (p > 0-05). The 


‘mean beat-to-beat coefficient of variation is least for 


peak aortic blood velocity and greatest for stroke 
distance and is less than 10% in all cases. 


error of each mean is indicated; the mean pulse rate 
was 98 beats per minute. The correlation coefficient 
is 0-99 and the regression equation is y=572+ RECORDINGS 

2:36 x. The standard error of the prediction ataflow Some of the differences between paired 
rate of 5 litres per minute is 209 cm. This cannot be measurements could arise when the recordings are 
directly compared-with flow rate but is 5-4% of the- -digitised and variability from this source is indicated 
minute distance of 3850 cm predicted for a standard in Table 2. Reproducibility is summarised for peak 
flow rate of 5 litres per minute. The 95% confidence ` aortic blood velocity, heart rate, and stroke and 
limits at that flow rate are +14°%, and the horizontal minute distances for two observers who respectively 
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_ distance between ‘confidence limits- expressed as, a 
percentage of the standard flow rate is 33% of the 


standard flow rate or 1-65 litres per minute. 


Table 1 Mean beat:to-beat coefficient of vartation and 
reproducibihty (SD) of aortic blood velocity measurements 
in 142 pared recordings tn vivo. The average number of 


complexes in each recording was 11 7 (2:1) 


Koeficient of variation Rep 
© (%) f 


(%) 
Peak velocity 42(1 4) 3-6 (2 8) 
Heart rate 57(23 aie 
Stroke distance rae) 5 2(46) 
Muanute distance 81(28) 5 4 (4-7) 





Table2 Mean reproducibility (SD) of digitising aortic 


blood velocity recordings on two occasions by two observers 





Observer 2 
Peak velocity pe oon 
Heart rate 09 (07) 0-9 (2:3 
Stroke distance 5-5 ey 5-3 (4 8) 
Minute distance 577-1) 48(45) 





digitised 50-and -60 recordings on.two occasions. 
Reproducibility of heart rate measurements was < 
1%, and that of the stroke and minute distances was 
about 5%, 


Discussion 


MEASUREMENT OF CARDIAC OUTPUT BY DOPPLER 
ULTRASOUND AND ECHOCARDIOGRAPHY 

Several groups have shown that it is possible to 
measure left ventricular stroke volume, and hence 
cardiac output, non-invasively using the 
combination of -- Doppler ultrasound and 


-echocardiography.! ®~!° Stroke volume 1s calculated 


as the product of stroke distance and aortic cross 
sectional area. Stroke distance is not measured as 
such but can be calculated as the systolic-velocity 
integral at a point where the ultrasound beam is ın 
line with the direction of flow. Ultrasound access 
from the suprasternal notch permits the 
measurement of stroke distance in the aortic root or 
in the aortic arch, which is the site we use, similar 
values being obtained at both sites.!! '? The product 
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of stroke distance and heart rate gives minute 
distance; stroke and minute distance are linear 
equivalents of stroke volume and cardiac output 
respectively. 

There are three assumptions implicit in the 
method. Firstly, that stroke distance used in the 
calculation is representative of blood flow as a whole, 
as it would be only if the flow profile were flat. Since 
the flow profile in the aorta is skewed this 
assumption is only approximate. The second 
assumption is that total stroke volume passes the 
point at which stroke distance is measured. This too 
is not the case since a proportion of stroke volume 
enters the coronary circulation from the aortic root 
and a larger proportion is lost to the head and neck 
before velocity is measured in the aortic arch. The 
third assumption is also unwarranted; this is that the 
aortic cross section has a regular geometrical shape 
whose area can be readily calculated and that this 
remains constant throughout the cardiac cycle. 
Nevertheless, despite these three approximations it 
has been shown that there is close correspondence 
between stroke volumes determined in this way and 
by conventional invasive methods. 


MEASUREMENT OF CARDIAC OUTPUT BY DOPPLER 
ULTRASOUND ALONE 
Thus, stroke volume approximates to the product of 
stroke distance and aortic cross sectional area or 
stroke distance approximates to stroke volume 
divided by aortic cross sectional area. ‘Stroke 
distance is therefore related to stroke index; both are 
unidimensional, and both are corrected for variation 
in body size; the former in effect by division of 
stroke volume by aortic cross sectional area, the 
latter by division by body surface area. Stroke 
distance would therefore be expected to be 
proportional to stroke volume within subjects,'3~ ‘6 
to be independent of body size,” and its product 
-with heart rate (that is minute distance) should 
provide an absolute measure of cardiac output.® All 
three expectations of the measurement have been 
fulfilled. Use of this linear measure to assess cardiac 
output obviates the need to measure aortic cross 
sectional area which is technically. the. most 
demanding part of the procedure and the part which 
is associated with the greatest error.'? When linear 
cardiac output alone is calculated and compared 
with a normal range of values none of the three 
assumptions involved in conversion of velocity 
measurements to volume is made. 

Whereas the weakness of thermodilution is its 
performance during pulsatile flow,° the strength of 


the Doppler ultrasound method’ of measuring `` 


cardiac output that we describe is its ability to 
measure beat-to-beat changes of velocity. The 
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beat-to-beat coefficient of variation ranges from 
4-2% for peak aortic blood velocity to 8-7% for 
stroke distance. Thus for a recording of 10 beats the 
standard error of the mean for stroke distance is 


.2:8% falling to 1-9% for a recording of 20 beats. For 


most purposes a 10 beat recording’ provides’ a 
sufficiently accurate estimate of minute distance. 
Distante et al using aortovelography found a 
beat-to-beat coefficient of variation for time 
averaged velocity (corresponding to minute 
distance/60) of 10%.'6 


REPRODUCIBILITY OF DOPPLER ULTRASOUND 
MEASUREMENTS 

The main sources of imprecision in the 
measurement of linear cardiac output are alignment 
of the ultrasound beam and the signal to noise ratio. 
The measured velocity of blood flow is proportional 
to the cosine of the angle between the direction of 
the ultrasound beam and the direction of blood flow. 
Since the cosine of an angle <18° is >0-95 there is 
an angular latitude of 36° for <5% underestimation 
of velocity. The transcutaneous aortovelograph used 
by us generates a broad beam of continuous 


_ ultrasound which detects movement at any distance 


from the transducer, subject only to the attenuation 
of ultrasound by transmission through tissue. By 
recording velocities in the aortic arch correct 
positioning of the transducer is assured since axial 
flow is almost certain to be aligned with the 
ultrasound beam at some point around the arch. 
Correct alignment is aided by selecting the position 
which gives the highest pitch of audible Doppler 
shift frequencies and the greatest velocity on the 
on-line paper record. 

Recognition of the maximum velocity of 
movement within the ultrasound beam may be 
achieved by electronic signal processing that 
provides an analogue signal proportional to the 
greatest frequency shift detected at any moment.!7 
This method, however, does not differentiate 
between forward or reverse flow and is prone to arte- 
factual error. Spectral analysis of the signal is more 
satisfactory since this gives ‘the velocity spectrum 
and allows recognition of turbulence and separation 
of forward and reverse flow. Our equipment uses 
spectral analysis, the amplitude of each frequency 
band (and hence velocity) being recorded on a grey 
scale by a separate pen. Reproducible recognition 
and integration of maximal velocity requires 
accurate edge detection of the velocity-time complex 
which depends on a satisfactory signal to-noise ratio. 

The leading edges of the velocity-time complexes 
recorded by aortovelography are easily recognised 
and the distance from one leading edge to the next is 
used to calculate mean heart rate. Reproducibility of 
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mean heart rate in paired digitised measurements of 
the same records was <1%. Peak aortic blood 
velocity, marked by the apex of .the triangular 
shaped velocity-time complex, had a digitising 
reproducibility of about 5%, and that of stroke 
distance, measured as the area of the triangle, was 
<6%. In paired recordings the worst 
reproducibility of any measurement was 5:4% for 
minute distance in which imprecision in the 
measurements of flow time, peak aortic blood 
velocity, heart rate, and the process of digitising are 
all compounded. Peak aortic blood velocity was the 
most reproducible measurement, with an average 
difference of 4% between paired readings (Table 2). 

This degree of reproducibility of aortovelography 
in vivo is consistent with that found by us in vitro. 
The 95% confidence limits for. minute distance at a 
flow rate of 5 litres per minute in vitro were +14%,. 
The 95% confidence limits for reproducibility in 
vivo are about 15%, there being little difference 
between the two figures despite short term changes 
in flow rate and repositioning the transducer~ 
between measurements in vivo. Fraser er al 
measured mean blood velocity in adults by 
aortovelography with reproducibility of 6-4% with 
the same observer and 74% with different 
observers.'® Using a pulsed Doppler system 
Gisvold and Brubakk obtained a coefficient of 
variation within subjects of 6-11% for all velocity 
measurements in the aortic arch. !! 

Gardin et al used a range gated Doppler 
ultrasound technique to measure blood flow in the 
ascending aorta.!? Reproducibility of measurement 
of the Doppler records was 2:5% for peak aortic 
blood velocity, 1:9% for ejection time, and 3:2% for 
the flow velocity integral or stroke distance, the 
latter being calculated from electronic measurement 
of the former without planimetry. Day to day 
reproducibility was 3-8 (3-1)% for stroke distance. 
Hatle and Angelsen reported that the 
reproducibility of the integral under the maximal 
velocity curve was 9:1% in paired measurements 
separated by days or months.” 


MEASUREMENT OF A CHANGE OF CARDIAG 
OUTPUT 

The most important clinical application of cardiac 
output measurement is the recognition of a change, 
particularly a fall, of cardiac output. A change of 
cardiac output may be measured under three 
circumstances. Firstly, when any number of 
measurements may be made before and after an 
intervention. The ability to detect a change is then 
only limited by the number of measurements made 
before and after its occurrence. Secondly, a 
sufficient number of measurements may have been 
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made before the change to establish a mean cardiac 
output and its standard deviation. A single 
measurement taken after an intervention that is 
more than two standard deviations from the 
previously established mean may be taken to have 
resulted from a true haemodynamic change. The 
third situation is when the standard deviation of the 
current series of measurements is not known and has 
to be assumed to be similar to previous experience. 
Two single measurements can only be assumed to 
have resulted from a changed cardiac output if they 
differ by more than four standard deviations. This 1s 
the situation described in this and the preceding 
paper.” 

In comparing the performance of different 
methods of measuring cardiac output the standard 
deviation of the measurement is inadequate by 
itself——what is important is the variation of flow rate 
which gives rise to a change of measurement. This is 
why we have suggested the horizontal distance 
between confidence limits since this combines a 
measure of variability of the measurement, that is 
the confidence limits of a single prediction, with the 
slope of the regression line which relates flow rate 
and its measurement. From a reproducibility study 
alone the extent of the haemodynamic change that 
has given rise to a change in measurement of flow 
rate cannot be known without an independent 
measure of blood flow. 

In vitro the range of blood flow rate that could 
give rise to an identical measurement by Doppler 
ultrasound was 1-65 litres per minute, that is 33% of 
the standard flow rate. A greater change of flow rate 
than this would be necessary for 95% certainty of a 
difference between two single measurements. This 
compares with 21-33% for three different makes of 
thermodilution cardiac output computer under 
optimal conditions in vitro, and 30-62% overall. 
The percentage vertical spread of the confidence 
limits for aortovelography is similar to that of the 
cardiac output computer with the least variability 
but the horizontal distance between confidence 
limits depends also on the slope of the regression 
line. All of the regression lines for cardiac output 
computers had slopes >1 and passed below the 
origin whereas for aortovelography the slope is <1 
and passes above the origin. This has the effect of 
reducing the sensitivity of aortovelography to 
measure a change of flow rate compared with 
thermodilution where overestimation of absolute 
flow rate increases the ability to detect change. 


EFFECT OF BLOOD PRESSURE ON AORTIC 

BLOOD VELOCITY 

In our circulation model blood pressure was not 
controlled, so that as flow rate was reduced blood 
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pressure fell- resulting in reduction of the cross 
sectional area of the pig aorta and a less than 
proportionate fall of velocity and the 
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meaningful, and under clinical conditions its 
measurement has a reproducibility of about 5%. 


velocity-integral. Thus, when a flow rate of 5 litres FM McL is-research fellow of the Association -of 
per minute was halved, minute distance was reduced --Anaesthetists of Great Britain and Ireland. MKD ~ 


to 57% of the initial value; the predicted value of 


was supported by the Scottish Home and Health 


minute distance for zero flow was 572 cm. Lighthas Department with a Medical Student Vacation 


calculated that if in man the same reduction of 


cardiac output froin’ to 2-5 litres per minute is . 


accompanied 'by a’ fall of systolic blood pressure of 
45 mm Hg, aortic blood velocity would fall to 58% 
of its previous value.”! This suggests that the 
compliance of the pig aorta used in vitro is similar to 
that of the aorta in intact man. 

The extent of the influence of blood pressure on 
aortic blood velocity needs clarification. In 
hypertensive patients aortic blood velocity is 
reduced compared ‘With normal controls,® but this 
could be due either to an increased aortic arch 
diameter’? or to reduced cardiac output,?? both of 
which have been demonstrated in hypertension. In 
non-hypertensive normal subjects aortic blood 
velocity was independent of blood pressure.? In 
dogs aortic diameter correlated with cardiac output, 
but the graph relating cardiac output (measured as 
the product of aortic cross sectional area and systolic _ 
velocity integral) and absolute flow rate went 
virtually through the origin.’? It seems likely then 
that fluctuation of blood pressure within the normal 
range has little effect on aortic blood velocity, but 
the ability 6f-aortovelography to detect a fall of 
cardiac output is slightly reduced by any large 
accompanying fall of blood pressure. 


CONCLUSIONS | 

Cardiac output is the ultimate expression of 
cardiovascular function and there are many clinical 
circumstances where its measurement is desirable. 
The standard technique for measuring cardiac 
output is thermodilution which is technically 
difficult, costs about £100 per patient in disposable 
items,** and carries a risk of serious 
complications.’ Our experiments have shown that 
under optimum conditions of pulsatile flow in vitro 
thermodilution provides an unreliable estimate of 
absolute flow rate and detects 21-33% changes of 
flow rate with 95% certainty and with a 
reproducibility that is seldom better than 10%. The 
method is unlikely to perform as well as this under 
clinical conditions. 

The non-invasive measurement of linear cardiac 
output by Doppler ultrasound is. simple, without 
risk or discomfort, and has negligible running costs. 
In vitro the method detects a 33% change of flow 
rate with 95% certainty. In the absence of aortic 
disease the absolute value of linear cardiac output is 
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Measurement of aortic regurgitation by Doppler 
echocardiography 
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From the Medical Department B and the Section of Nuclear Medicine, Rikshospitalet, University Hospital, 
Oslo, Norway 


SUMMARY In an attempt to develop a new approach to the non-invasive measurement of aortic 
regurgitation, transmitral volumetric flow (MF) and left ventricular total stroke volume (SV) 
were measured by Doppler and cross sectional echocardiography in 23 patients without aortic 
valve disease (group A) and in 26 patients with aortic regurgitation (group B). The transmitral 
volumetric flow was obtained by multiplying the corrected mitral orifice area by the diastolic 
velocity integral, and the left ventricular total stroke volume was derived by subtracting the left 
ventricular end systolic volume from the end diastolic volume. The aortic regurgitant fraction 
(RF) was calculated as: RF = 1—MEF/SV. In group A there was a close agreement between the 
transmitral volumetric flow and the left ventricular total stroke volume, and the difference be- 
tween the two measurements did not differ significantly from zero. In group B the left ventricular 
total stroke volume was significantly larger than the transmitral volumetric flow, and there was 
good agreement between the regurgitant fractions determined by Doppler echocardiography and 
radionuclide ventriculography. Discrepancies between the two techniques were found in patients 
with combined aortic and mitral regurgitation or a low angiographic left ventricular ejection 
fraction (<35%). The effective cardiac output measured by Doppler echocardiography accorded 
well with that measured by the Fick method. 

Doppler echocardiography provides a new and promising approach to the non-invasive mea- 
surement of aortic regurgitation. 


The importance of measuring aortic regurgitation aortic regurgitation can be assessed.’ It is now possi- 
has been recognised for more than 150 years,‘ buta ble to measure the transmitral volumetric flow by 
suitable technique 18 still lacking. Invasive tech- Doppler echocardiography'®~!? and the left ven- 
niques have limitations which preclude their use in tricular total stroke volume by cross sectional echo- 
serial evaluation.*? Among the non-invasive tech-  cardiography.'*~ 15 Theoretically, the two volume 
niques, radionuclide ventriculography has proved to measurements should be equal when the left ventric- 
be an accurate method for measuring aortic regur- ular diastolic inflow comes solely through the mitral 
gitation but has the disadvantages of high costandof orifice. If, however, the left ventricular diastolic 
requiring exposure to radiation.** Recently, inflow comes through both the aortic and mitral 
Doppler echocardiography has been used to assess valves, as in aortic regurgitation, the two mea- 
aortic regurgitation, but the proposed approaches surements will differ with the difference being equal 
are still semiquantitative. ~® to the aortic regurgitant volume. The present study 
The regurgitant volume must be known before was undertaken to test this assumption in patients 
with a normal aortic valve and in those with aortic 
regurgitation. We compared results obtained by 
Requests for reprints to Dr Yun Zhang, Medical Department B, Doppler echocardiography with those obtained by 
Rikshospitalet, Oslo 1, Norway. j z x i 
radionuclide ventriculography and cardiac cath- 
Accepted for publicanon 10 September 1985 eterisation. 
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Table 1 Results of Doppler echocardiography m group A 
Case Diagnons CMA (cm?) DVI (em) MP (cm?) BDV (ex?)  BSV-(cw®) SV (om?) RF (%) 
1 CCM + MR 299 15-7 47 261 218 43 -9:3 
2 367 18-5 68 339 -267 12 56 
3 PE 418 174 73 177 105 72 ~14 
4 CAD 513 16-9 87 224 128 96 94 
5 CAD 396 189 15 130 58 72 — 42 
6 N 3-69 188 69 221 140 81 48 
7 CAD 486 144 70 129 69 60 ~ 167 
8 N 562 118 66 123 53 70 5-7 
9 CAD 527 17-1 90 209 127 82 9-8 
10 N 426 247 105 204 106 98 -71 
11 CAD 3:35 20-8 70 334 267 67 ~45 
12 PS 478 23-5 112 = 194 86 108 ~37 
13 HCM 520 164 85 179 94 85 0 
14 CAD 4-76 182 87 410 320 90 33 
15 N 460 17-6 81 109 33 76 ~ 66 
16 MR 612 19-6 120 235 104 131 84 
17 AVR 405 19-4 79 216 124 141 
18 N 4-37 230 100 170 70 100 0 
19 PE 689 51 104 159 65 94 — 10-6 
20 N 5 48 24-0 132 222 91 131 —~10 
21 466 187 87 144 62 82 ~61 
Mean (SD) 466 186 86 209 123 86 —0-92 
(0 93) (3:3) (20) (77) (79) (21) (8:3) 





CMA, corrected mitral onfice area, DVI, diastolic velocity mtegral, MF, transmitral volumetric flow; EDV, left ventricular end diastolic 
volume; ESV, left ventricular end systolic volume; SV, left ventricular total stroke volume; RF, aortic regurgitant fraction; CCM, 
congesnve cardiomyopathy; MR, mitral regurgimuon; CAD, coronary artery disease; N, normal, PE, pericardial effusion; PS, pulmonary 
stenosis, HCM, hypertrophic cardiomyopathy; AVR, prosthetic aoruc valve replacement. 


Patients and methods 


PATIENTS 

Forty nine patients who underwent diagnostic car- 
diac catheterisation gave their informed consent to 
the study. They were divided into two groups ac- 
cording to clinical and angiographic findings. Group 
A consisted of 23 patients (17 men and six women, 
ranging in age from 17 to 65 years, mean 57) without 
evidence of aortic valve disease. Group B consisted 
of 26 patients (18 men and eight women, ranging in 
age from 17 to 76 years, mean 52) with aortic regur- 
gitation. Tables 1 and 2 give the clinical diagnoses in 
both groups. None of these patients had mitral 
stenosis and all had a normal left ventricular wall 
motion except for a few cases with a generalised left 
ventricular hypokinesia. In group B, 14 patients had 
pure aortic regurgitation and 12 had concomitant 
valve lesions. The angiographic left ventricular ejec- 
tion fraction was normal (250%) in 22 patients and 
significantly reduced (<35%) in four. All patients 
were in sinus rhythm. Doppler echocardiography, 
radionuclide ventriculography, and cardiac cath- 
eterisation were performed independently by 
different investigators and the results were not com- 
pared until after the study was completed. 


DOPPLER ECHOCARDIOGRAPHY 

Transmitral volumetric flow and left ventricular to- 
tal stroke volume were measured independently by 
two different investigators. A phased array sector 


scanner (IREX III) with a wide scanning angle of 
80° and a 2-5 MHz transducer was used for echo- 
cardiographic recordings. A multifrequency (1-10 
MHz) Doppler instrument (ALFRED, Vingmed) 
with both continuous and pulsed modes and a 2 
MHz transducer were used for velocity mea- 
surement. In the pulsed mode the sample volume is 
about 8mm in diameter and 5mm in length. The 
received signals were processed by two frequency 
estimators and converted into analogue voltage in 
proportion to the mean and maximum Doppler fre- 
quency shifts. A direct audio output aided the 
identification of the best transducer position. Calcu- 
lations were performed by means of a graph pen 
microcomputer system (CARDIO 80, Kontron). 


MEASUREMENT OF THE TRANSMITRAL 
VOLUMETRIC FLOW 

Transmitral volumetric flow was measured by our 
previously described technique.’ The maximal mi- 
tral orrfice area in early diastole was measured by 
cross sectional echocardiography from the left para- 
sternal short axis view. A derived M mode echo- 
cardiogram of the mitral valve was digitised to 
obtain the mitral orifice opening ratio.’ The cor- 
rected mitral orifice area (CMA) was calculated by 
multiplying the maximum mitral orifice area by the 
opening ratio. The Doppler transducer was placed 
at the apex and the fastest velocities of the trans- 
mitral flow were recorded with the pulsed mode ata 
position where the mitral valve opening was clearly 
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Table 2 Results of Doppler echocardiography m group B 
Cate Diagnosis CMA fem?) DVI (om)  ME(cw) EDV (m?) BSV (o°) SV (an?) = RF (%) 
1 AR + AS 3-62 216 78 241 72 169 54 
2 AR 3-26 227 14 377 169 208 64 
3 AR 546 216 118 483 188 295 60 
4 AR+MR 367 35 6 131 408 143 265 51 
5 AR 175 43-7 16 371 176 195 61 
6 AR 4-84 18-8 91 412 182 230 60 
7 AR 2-89 216 62 168 86 82 24 
8 AR 6-28 149 94 342 193 149 37 
9 AR 3-81 225 86 264 114 150 43 
10 AR 2-41 22-4 54 246 127 119 55 
11 AR KAS + 5:23 212 111 276 97 179 38 
12 AR + AS 4-44 196 87 272 127 145 40 
13 AR+AS+ 225 33-8 76 360 253 107 29 
MR + TR 
14 AR+MR 338 14-2 48 274 189 85 44 
15 AR 424 22-0 93 423 203 220 58 
16 AR 344 199 68 296 130 166 59 
17 AR + AS 3-27 204 67 215 140 15 1l 
18 AR 333 274 91 294 123 171 47 
19 AR+MR 405 25-5 103 334 160 174 41 
20 AR + AS 4-02 257 103 344 137 207 50 
21 AR 3-26 278 90 486 200 286 68 
22 AR + AS 3-57 21-2 16 149 46 103 26 
23 AR+AS 344 239 82 211 88 123 33 
24 AR 5-23 176 92 199 83 116 2 
25 AR 3-32 15-9 53 279 219 60 12 
Mean (SD) 3-78 23-3 84 309 145 163 43 
(1 04) (6 6) (20) (91) (31) (65) (16) 





AR, aortic regurgitation; AS, aortic stenosis, TR, tricuspid regurgitation. See Table 1 for other abbreviations. 


heard. In cases with severe aortic regurgitation and 
mitral valve fluttering the velocities were measured 1 
cm above the level of the mitral valve opening. Care 
was taken to avoid the regurgitant jet and to reduce 
the effect of the mitral valve fluttering while still 
measuring the fastest transmitral flow. The maximal 
velocity curves of the mitral flow were integrated to 
obtain the diastolic velocity integral (DVI). As- 
suming that the angle between the Doppler beam 
and the mitral flow is zero, the transmitral volumet- 
ric flow (MF) was calculated as: MF = CMA x DVI. 
The effective cardiac output (CO) in the presence of 
aortic regurgitation in group B was calculated as: 
CO =MF x HR, where HR is the heart rate during 
Doppler study. At least six beats were averaged to 
obtain all the variables. 


MEASUREMENT OF LEFT VENTRICULAR TOTAL 
STROKE VOLUME 

With the transducer at the apex the apical four 
chamber view was recorded by cross sectional echo- 
cardiography focusing on the left ventricle. To avoid 
foreshortening of the left ventricle the transducer 
was moved along in three spatial directions—that is 
caudally and cranially to reach the most apical posi- 
tion, dorsally and ventrally to image the maximum 
left ventricular long axis, and medially and laterally 
to obtain the maximum short axis. All images were 
recorded on video tapes. The frames with the largest 


and smallest left ventricular cavity size within one 
cardiac cycle were selected to calculate the end 
diastolic and end systolic volume respectively. The 
inner edges of the endocardial echoes were traced 
and if there was echo dropout a straight line was 
drawn between the two adjacent echoes. The pro- 
gramme used for volume (V) computation is based 
on the area-length method?!* as: V=8A?/3x1., where 
A is the area of the left ventricular cavity and L is the 
left ventricular long axis which was taken as running 
from the junction of the septum and the mitral valve 
to the apex. The left ventricular total stroke volume 
(SV) was then calculated as: SV=EDV—ESV, 
where EDV is the left ventricular end diastolic vol- 
ume and ESV is the end systolic volume. Five to 
seven beats were digitised and the values were aver- 
aged, 

Theoretically, in patients without aortic regur- 
gitation the transmitral volumetric flow (MF) 
should equal left ventricular total stroke volume 
(SV). In patients with aortic regurgitation the 
difference between the two measurements should 
equal the aortic regurgitant volume. The aortic re- 
gurgitant fraction (RF) was thus calculated in both 
groups as: RF=1—MEF/SV. 


RADIONUCLIDE VENTRICULOGRAPHY 
Gated blood pool imaging was performed within 24 
hours of Doppler echocardiography in group B by 


we 


Measurement of aortic regurgitation by Doppler 


means of a GE scintillation camera (400 T AZS) in- 
terfaced to a GE STAR computer system. Erythro- 
cytes were labelled by a combined in vivo and in 
vitro method. With the patient in a supine position 
the detector was located in the 40° left anterior 
projection with 15° caudal tilt to optimise a four 
chamber view. Under the STAR computer’s PAGE 
multigated cardiac protocol 300 heart beats were 
stored in frame mode. Both left and right ventricular 
activity curves were analysed by an identical auto- 
matic technique including phase analysis for vari- 
able regions of interest and background area 
selection. In some cases operator intervention was 
necessary to achieve separation of the images of the 
right ventricle and right atrium. Separate regions of 
interest for end diastole and end systole were used to 
calculate ventricular stroke counts. The aortic re- 
gurgitant fraction (RF) was calculated as: RF=1— 
RVSC/LVSC, where RVSC is the right ventricular 
stroke count and LVSC the left ventricular stroke 
count. Because the mean left to right ventricular 
stroke count ratio in patients without valvar heart 
disease is 1:12 in this laboratory, the regurgitant 
fraction was corrected by multiplying the right ven- 
tricular stroke count by 1-12. 


CARDIAC CATHETERISATION 

All patients underwent left heart catheterisation. In 
addition, right heart catheterisation was performed 
24 hours before or 24 hours after Doppler echo- 
cardiography in 23 patients in group B. Cardiac out- 
put was measured according to the Fick method. 


STATISTICAL ANALYSIS 

Methods were compared by the statistical method of 
Altman and Bland?’ and by paired and unpaired t 
tests. Data were expressed as mean (1 SD). 


Results 


DOPPLER ECHOCARDIOGRAPHY 

Technically adequate Doppler echocardiographic 
recordings were obtained in 21 (91%) patients in 
group A and in 25 (96%) patients in group B. Two 
patients in group A were excluded because of sub- 
optimal echocardiographic images and one patient in 
group B was excluded due to unsatisfactory Doppler 
velocity recordings., Tables 1 and 2 list the individ- 
ual results in the remaining 21 patients in group A 
and 25 patients in group B. In group A the trans- 
mitral volumetric flow ranged from 47 to 132 cm? 
(86 (20) cm*) and the left ventricular total stroke 
volume from 43 to 131 cm? (86 (21) cm). In group 
B the transmitral volumetric flow ranged from 48 to 
131 cm? (84 (20) cm) and the left ventricular total 
stroke volume from 60 to 295 cm? (163 (65) cm’). 
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RADIONUCLIDE VENTRICULOGRAPHY 
Technically adequate radionuclide images were ob- 
tained in 25 (96%) patients in group B while one 
patient was excluded because of unsatisfactory sepa- 
ration of the right ventricle from the right atrium. In 
the 25 patients the left ventricular ejection fraction 
ranged from 26% to 74% (57 (15)% ) and the right 
ventricular ejection fraction from 23% to 62% (46 
(11)%). Mean aortic regurgitant fraction was 44% 
(19) (range 0%-67%). In two cases (17 and 25) in 
group B regurgitant fraction was zero and the angio- 
graphic left ventricular ejection fraction was low 
(<35%). 


COMPARISON BETWEEN TRANSMITRAL 
VOLUMETRIC FLOW AND LEFT VENTRICULAR 
TOTAL STROKE VOLUME 

In group A there was a close agreement between the 
two measurements. The difference between the two 
measurements did not correlate with the mean of the 
two measurements and did not differ significantly 
from zero (Fig. 1). The relative bias calculated from 
the mean difference between the two measurements 
was 0:24cm? and the estimate of error calculated 
from the standard deviation of these differences was 
6-96 cm?. The agreement between the two mea- 
surements was not affected by mitral regurgitation 
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Fig 1 Difference between the transmtral volumetric flow 
and the left ventricular total stroke volume (MF — SV) 1s 
plotted against the mean of the two measurements (MF + 
SV) — 2) in group A. Broken lines tndicate the mean and 
the 95% range of the differences between the two 
measurements. This type of plot allows an easier and better 
assessment of the difference between two methods than 
conventional correlation and regression analysis.” The 
difference between methods (MF — SV) 1s independent of the 
size of measurement (MF + SV) —2) and does not differ 
significantly from zero. The relative bras and the estimate of 
error are 0:24 cm? and 6 96 cm? respectively. 
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present in two cases (1 and 16) in group A. The aor- 
tic regurgitant fraction was —0-92% (8-3)% (range 
—16:7%-141%). In group B the left ventricular to- 
tal stroke volume was larger than the transmitral 
volumetric flow in all cases and there was a 
significant difference between the two mea- 
surements (163 (65) cm? vs 84 (20)cm*, p<0-001). 
The aortic regurgitant fraction was 43 (16)% (range 
11%-68%). 


COMPARISON BETWEEN DOPPLER 
ECHOCARDIOGRAPHY AND RADIONUCLIDE 
VENTRICULOGRAPHY 

The results of Doppler echocardiography were com- 
pared with those of radionuclide ventriculography 
in 24 patients in group B in whom both recordings 
were adequate. The difference between the regur- 
gitant fractions determined by Doppler and radio- 
nuclide techniques did not correlate with the mean 
of the two measurements and did not differ 
significantly from zero (Fig. 2). The relative bias was 
0:21% and the estimate of error was 10-5%. In five 
patients with combined aortic and mitral regur- 
gitation (two of whom also had an angiographic left 
ventricular ejection fraction <35%) the regurgitant 
fractions by radionuclide technique were consid- 
erably higher than those derived from Doppler 
echocardiography. When these five patients were 
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Fig.2 Difference between the regurgitant fractions 
determined by radionuclide and Doppler techniques (RF, — 
RF,,) os the mean of the two measurements ((RF, + RF >) 
+2) in group B. The broken lines show the mean and the 
95% range of the differences between the two measurements 
in the whole group. The solid lines show the mean and the 
95% range of the differences between the two measurements 
in patients without mitral regurgitation. The difference 
between methods (RF ,— RF) is independent of the size of 
measurement { {RF} + RFp) —2) and does not differ 
significantly from zero. The relative lias and the estimate of 
error are 0:21% and 10-5% in the whole group and 3-5% 
and 6-4% in patients without mitral regurgitation 
respectively. Closed circles, aortic regurgitation; open circles, 
aortic and mitral regurgitation. 
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Fig.3 Difference between the effective cardiac output 
measured by Doppler echocardiography and Fick method 
(Coy— Coy) vs the mean of the two measurements 

((CO,+ COp) ~ 2 in group B. Broken kines indicate the 
mean and the 95% range of the differences between the two 
measurements. The difference between methods (COy—COp) 
is independent of the size of measurement ((GOp+COp) +2) 
and does not differ significantly from zero. The relatroe bias 
and the estimate of error are 0-16 l/min and 0-62 l/min 
respectively. 


excluded, there was a good agreement between the 
two measurements, with the relative bias and the 
estimate of error being 3-5% and 6-4% respectively. 
The results obtained by the two techniques differed 
in the two patients with a low angiographic left 
ventricular ejection fraction (<35%) in whom the 
regurgitant fraction by radionuclide ventricu- 
lography was zero, but concomitant aortic stenosis 
did not adversely affect the agreement between re- 
sults obtained by the two techniques. 


COMPARISON BETWEEN DOPPLER 
ECHOCARDIOGRAPHY AND CARDIAC 
CATHETERISATION 

The effective cardiac output determined by Doppler- 
echocardiography was compared with that obtained 
by the Fick method in 18 patients in group B with- 
out mitral regurgitation who underwent right heart 
catheterisation. There was a good agreement be- 
tween the two techniques. The difference berween 
the two measurements did not correlate with the 
mean of the two measurements and did not differ 
significantly from zero (Fig. 3). The relative bias and 
the estimate of error were 0-16 l/min and 0-62 1/min 
respectively. 


Discussion 


The size of the aortic regurgitant volume depends on 
the cross sectional area of the valve defect, the 
diastolic pressure gradient across the aortic valve, 
and the duration of diastole.® Although Doppler 
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echocardiography has been used to estimate these 
determinants, direct measurement of the regurgitant 
volume has proved difficult.°~® In the present study 
the aortic regurgitant volume was calculated as the 
difference between the left ventricular total stroke 
volume as measured by cross sectional echo-' 
cardiography and the transmitral volumetric flow 
measured by Doppler technique. The accuracy of 
this method is dependent upon that of the two com- 


bined measurements. The transmitral volumetric: 


flow measurement by Doppler echocardiography 
has been validated by us and other workers against 
established invasive techniques.!°~!? As a result of 
aortic regurgitation the mitral orifice area in group B 
tended to be smaller than that in group A, resulting 
in an increased diastolic velocity integral. All of our 
patients, however, had a maximal mitral orifice area 
larger than that in mitral stenosis (< 2-5 cm?).'® Al- 
though both the regurgitant jet and the transmitral 
flow come towards the transducer during diastole, 
differences in the quality of audio signals, the timing 
of flow velocities, and the position of sample vol- 
umes make the distinction between the two flows 
relatively easy. The effect of mitral valve fluttering 
can be minimised by adjusting the position of the 
sample volume in the mitral flow canal, since small! 
changes in sample volume position do not 
significantly affect the transmitral volumetric flow 
measurement.'! The good agreement between the 
effective cardiac output determined by Doppler 
echocardiography and the Fick method demon- 
strates that the transmitral volumetric measurement 
is still valid even in the presence of aortic regur- 
gitation. 

Measurement of the left ventricular volume by 
cross sectional echocardiography has proved reason- 
ably accurate in the absence of regional left ventricu- 
lar wall dyskinesia.‘°~1!5 Because the four chamber 
view can be easily obtained in most adult patients, 
we used this view and the area-length formula to 
calculate the left ventricular volume. The fact that a 
known left ventricular volume is consistently over- 
estimated by the area-length formula in angio- 
graphy,!? 2° while ıt is often underestimated by the 
same formula in echocardiography,”! indicates that 
the most important pitfall in volume measurement 
by cross sectional echocardiography is the fore- 
shortening of the left ventricle rather than the geo- 
metric assumption.?* Therefore, we made great 
efforts to avoid foreshortening of the left ventricle in 
this study. The good results obtained in the study 
indicate that left ventricular total stroke volume can 
be reliably estimated by ‘cross sectional echo- 
cardiography. 

Combining the transmitral volumetric flow and 
the left ventricular total stroke volume mea- 
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surements offers several advantages for determining 
the regurgitant volume. Firstly, use of cross sec- 
tional echocardiography to measure the left ventric- 
ular total stroke volume avoids the difficulties in 
determining the aortic volumetric flow by Doppler 
technique in patients with a dilatated ascending 
aorta.?* Secondly, the volume measurement by cross 
sectional echocardiography is not affected by the 
concomitant aortic stenosis, where the aortic volu- 
metric - flow measurement becomes invalid.?? 
Thirdly, ın patients with combined aortic and mitral 
regurgitation, the volume measurement by cross 
sectional echocardiography still gives the total stroke 
volume, whereas the aortic volumetric flow mea- 
surement by Doppler technique gives only a part of 
it. Finally, the difference between the left ventricu- 
lar total stroke volume and the transmitral volumet- 
ric flow equals the aortic regurgitant volume, 
whether aortic regurgitation is isolated or associated 
with other valvar regurgitation. If the left ventricu- 
lar total stroke volume is related to the 
transpulmonary?‘ or transtricuspid?* volumetric 
flow, the aortic regurgitant volume can be calculated 
only in isolated aortic regurgitation. 

Radionuclide ventriculography has been accepted 
as a reliable technique for measuring aortic regur- 
gitation.2®" 28 The good agreement between regur- 
gitant fractions determined by Doppler and 
radionuclide techniques in patients with isolated 
aortic regurgitation indicates that our Doppler echo- 
cardiographic method is as reliable as radionuclide 
ventriculography in the non-invasive measurement 
of aortic regurgitation. The major discrepancies be- 
tween the two techniques were found in patients 
with combined aortic and mitral regurgitation or a 
low left ventricular ejection fraction (< 35%). This 
is due to the fact that the radionuclide technique 
calculates the regurgitant volume as the difference 
between the left and right ventricular stroke volume, 
while our Doppler method calculates it as the 
difference between the left ventricular total stroke 
volume and the transmitral volumetric flow. Thus in 
patients with combined aortic and mitral regur- 
gitation, the regurgitant fraction by the radio- 
nuclide technique is the sum of both aortic and mi- 
tral regurgitant fractions,?© while our method still 
gives the real aortic regurgitant fraction. In one of 
these cases, however, a small concomitant degree of 
tricuspid regurgitation may have been a potential 
source of error in determination of the regurgitant 
fraction by the radionuclide technique.?® Another 
major limitation of the radionuclide technique is the 
inaccuracy in determining the regurgitant fraction in 
patients with a low left ventricular ejection frac- 
tion.?? Doppler echocardiography is probably more 
accurate than radionuclide techniques for measuring 
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aortic regurgitation in patients with concomitant 
mitral regurgitation or impaired left ventricular 
function. 

There are two major limitations to our method. It 
is difficult to measure transmitral volumetric flow 
when a mitral flow is disturbed, as in mitral stenosis 
or pronounced mitral valve fluttering. Similarly, 
measurement of left ventricular total stroke volume 
measurement is subject to errors in cases with con- 
comitant left ventricular regional wall dyskinesia. 
Despite these limitations our Doppler echo- 
cardiographic method offers a new and promising 
approach to the non-invasive measurement of aortic 
regurgitation, 


Y Z is a research fellow from the Cardiovascular In- 
stitute, Shandong Medical College, Jinan, People’s 
Republic of China. 
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Relevant, accurate arrhythmia data 


within 5 minutes. 


The new desk top Pathfinder 3 provides a clinically based Holter 
report you can trust. The presentation of essential, concise, 
relevant arrhythmia data, forms a sound basis for diagnosis. 


Only Pathfinder 3 offers: 


® Choice of operating modes 
— operator controlled analysis; 
— automatic analysis; 
— manual scanning; 
® Sharp visual display to detect atrial arrhythmias; 
® Unique edit facility for corrected reports from a single tape pass; 
® ECG strips and miniaturised “full disclosure” report on A4 size 
Z-fold paper 
® System expansion through software options. 


Systems without screens or dependent upon a “full disclosure” 
miniaturised ECG write out — are clearly no match for 
Pathfinder 3's facilities. For more information and a 

convincing demonstration contact: 


Reynolds Medical Limited 


Cawthorne House, 51 St. Andrew Street 
Hertford Herts SG 14 1HZ, England 
Telephone: (0992) 558211 Telex:817680 


Reynolds Medizinische Elektronik GmbH 
8501 Feucht Schwabacherstrasse 34, W. Germany 
Telephone: 09128 2018 Telex:626320 
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| Juxtaductal left pulmonary artery obstruction i in 
pulmonary atresia ~ 
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SUMMARY The morphology of the central pulmonary artery was snadied by selective angiography 
in 21 previously unoperated patients (aged 11 days-21 years, median 4 years) with pulmonary 
atresia „associated with. various ‘types of congenital heart disease. Angiographic findings were 


‘confirmed ‘at operation in 10 patients. There was juxtaductal obstruction of the left pulmonary 
, artery in two thirds of the patients-with complete atresia in a quarter. Six of seven patients 
- without juxtaductal obstruction had pulmonary valve atresia, but all nine patients with juxta- 


‘ductal stenosis had truncal atresia.. No patient o ptenosis ‘of the right pulmonary artery. 


Congenital Simonas atresiaoften occurs in oa 


ation with’ ‘tetralogy ‘of Fallot, ; atrioventricular 
discordance, | ventriculoarterial . discordance, uni- 
ventricular’ heart, or with-intact ventricular: sep- 


tum.’? Successful correction has been achieved by - 


enine such as closed or open right ventricular 


outflow tract reconstruction,’ * the Rastelli „pros, 
cedure,® © or the Fontan procedure.” ® The j presence i 


of normal, or nearly normal, pulmonary arteries is 
important for successful operation, and peripheral 


pulmonary stenosis or atresia often make intra-. 


cardiac repair difficulr/?1° Preoperative diagnosis of 
peripheral pulmonary. stenosis or atresia by con- 
ventional diagnostic methods is not easy. Since ‘1981 
we have used preformed catheters’ to" enable- -us to 


“visualise the ductus arteriosus ‘and adjacent central 
pulmonary’ arteries in-patients with pulmonary at-` 


resia. t! We now report the angiographic appearance 


of the central’ pulmonary arteries. in .pulmonary ' 
atresia and discuss the, development of juxtaductal : 


obstruction of the: left pulmonary artery. 


Patients and methods 


Since the beginning. of November 1981, we have 
used selective angiography to SVETRA 77 patients 
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diatric Cardiology, Heart Insutute of Japan, Tokyo Women’s Med- 


_ ical College, Kawade-cho"10, Shinjuku-ku, moe 162, nepe 
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' with errr atresia associated with various other 


congenital anomalies in whom the central pul- 
monary artery originally gave rise to right and left 
pulmonary arteries. Twenty one patients who had 
not been treated surgically form the present study 
group. They range in age from 11 days to 21 years 


(median 4 years). Eight are males and 13 are females 


(Table). All were investigated by cross sectional 
echocardiography and angiocardiography. The mor- 
phology of the central pulmonary artery (pulmonary 
trunk and main branches) was studied by biplane 
cut-film or cine angiography. After ventricu- 
lography or aortography, selective pulmonary angio- 
graphy was performed by catheterisation of the 


' persistent ductus arteriosus, except in one patient 
`- (case 6) in whom the ductus arteriosus was not 


patent aid in five patients under the age of 1 year 
(cases ‘1, 2, 7, 8, and 16). In case 6 the entire central 
pulmonary artery was visualised by pulmonary vein 


wedge angiography. In the five infants the central 
Ps pulmonary artery was clearly visualised by aor- 


tography. In six patients (cases 16-21) the proximal 


‘ left pulmonary artery was atretic and angiography 


through the ductus arteriosus showed only the distal 
left pulmonary artery. In three (cases 17, 18, and 20) 
of these six patients a right pulmonary arteriogram 
was obtained by injection of contrast medium into 


' the right pulmonary vein wedge position. , 


Two types of pulmonary atresia were identified 
on angiograms. In pulmonary valve atresia the 
pulmonary trunk was long and tubular and sinuses 
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Table Angiographic data on 21 patients with pulmonary atresia 
Case No Intracardiac anatomy Age Sex Type of pulmonary atresia PDA Fuxtaductal PA obstruction 
proximal distal 

1 VAD, VSD lld M v + — 

2 IVS 12 d F V + - 

3 UVH l yr F v 4 — 

4 IVS 3 yr F v 4 

5 AVD, VAD, VSD 7 yr F Vv + 

6 Fallot 8 yr M v — - 

7 AVSD 4 mnth M T + S S 
8 VAD, VSD 8 mnth F T + S S 
9 Fallot l yr F T + S S 
10 VAD, VSD 2 yr M p + S S 
11 UVH 2yr M E + S S 
12 Fallot 2 yr M BY + S S 
13 Fallot 5 yr F T + S S 
14 Fallot 5 yr F T + S S 
15 Fallot 21 yr M T + 

16 Fallot 3 mnth F y i + S S 
17 AVD, VAD, VSD 4 yr F U + A S 
18 UVH 6 yr F U = A S 
19 Fallot 9 yr M U i A S 
20 Fallot 10 yr F U + A S 
21 Fallot 10 yr F U + A S 


Å 
PDA, persistent ductus arteriosus; VAD, ventriculoarterial discordance; VSD, ventricalar septal defect; IVS, intact ventricular septum; 
UVH, univentricular heart; AVD, atrioventricular discordance; AVSD, atrioventricular septal defect; V, valvar; T, truncal; U, unknown; 


PA, pulmonary artery; +, present; 


of Valsalva were seen at its interior end. In truncal 
atresia the pulmonary trunk was short and cone 
shaped. These features were most clearly shown on 
lateral angiograms. In six patients (cases 16-21) with 
additional juxtaductal pulmonary atresia, the pul- 
monary trunk could not be visualised. The ductus 
arteriosus was left sided in 20 patients, including 
two with the asplenia syndrome (cases 7 and 10). 
The remaining patient (case 6) had a closed ductus 
arteriosus. 

We use the term juxtaductal obstruction to des- 
cribe stenosis or atresia of the left pulmonary artery 
at its junction with the ductus. The diagnosis of 
postnatal development of juxtaductal atresia was 
based on the angiographic demonstration, with the 
catheter in the ductus, of a left pulmonary artery 
continuous with the ductus, but at an angle to it, 
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Fig.1 Central pulmonary artery patterns in the 


development of pulmonary atresia associated with congenital 
heart disease. Numbers of patients and their ages are given. 


, absent; S, stenotic; A, atretic. 


absence of major aortopulmonary collateral artery 
to the right lung, and demonstration of a right 
pulmonary artery with normal branching pattern 
by pulmonary vein wedge angiography. Stenosis of 
the left pulmonary artery was defined as reduction of 
the internal diameter to less than 50% of its largest 
diameter. Atresia was diagnosed when no contrast 
medium passed into the central pulmonary artery 
despite adequate selective injection into the ductus. 
In 10 of the 21 patients, the central pulmonary ar- 
tery was explored at operation after angiographic 





Fig. 2 
vein wedge (PVW ) angiography in case 6. An end hole 
catheter was positioned in the left pulmonary vein via a 
patent foramen ovale. The ductus was closed. A hypoplastic 
central pulmonary artery and pulmonary trunk (PT) were 
visualised. Atresia of the pulmonary valve was diagnosed. 


Central pulmonary artery visualised by pulmonary 


Fuxtaductal left pulmonary artery obstruction in pulmonary atresia 4] 





Fig. 3 
with tetralogy of Fallot, pulmonary atresia, persistent ductus arteriosus (PDA), and previous left subclavian to pulmonar) 
artery anastomosis. (6) The pulmonary trunk was small with valve atresia. The left pulmonary artery was visualised only 
faintly because of wash out from the surgically created shunt. Moderate juxtaductal stenosis was present. 


study; the angiographic diagnosis was confirmed in 
all. 


Results 


ANGIOGRAMS OF THE PULMONARY ARTERY 

The pulmonary trunk was clearly visualised in 16 
patients. There was pulmonary valve atresia in six 
patients (43%) and truncal atresia in the remaining 
10 patients. 

The appearance of the central pulmonary artery 
corresponded to one of four patterns (Fig.1) In 
seven patients the pulmonary trunk gave rise to right 
and left branches without stenosis. All these patients 
except one (case 15) had pulmonary valve atresia. In 
one (case 6) the ductus was closed, and pulmonary 
vein wedge angiography showed that the entire 
central pulmonary artery was hypoplastic (Fig. 2). 

In the other 14 patients, there was juxtaductal ob- 
struction of the left pulmonary artery. In nine of 
these 14 patients the pulmonary trunk divided into 
right and left pulmonary arteries, but there was a 
cone shaped narrowing of the left pulmonary artery 
in each case (Figs. 3, 4, and 5). These nine patients 
all had truncal atresia. In the remaining five patients, 
there was complete juxtaductal obstruction, and 


(a) Selective angiography of the central pulmonary artery through a preformed ductus catheter in a 2 year old gir! 


selective injection of contrast medium into the 
ductus demonstrated only the left pulmonary artery 
(Fig. 6). In three of these five patients, pulmonary 
vein wedge angiography demonstrated normal 
branching of the right pulmonary artery, though 
proximal right pulmonary artery and pulmonary 
trunk were not opacified so that the type of 
pulmonary atresia could not be determined. 


CORRELATION BETWEEN TYPES OF PULMONARY 
ATRESIA AND JUXTADUCTAL OBSTRUCTION 
Figure 7 shows the age of the patients, the type of 
pulmonary atresia, and the presence or absence of 
juxtaductal obstruction. None of the six patients 
with valvar atresia had juxtaductal obstruction of the 
left pulmonary artery. In contrast, all except one of 
those with truncal atresia had juxtaductal obstruc- 
tion in the left pulmonary artery. Juxtaductal ob- 
struction was more severe proximal than distal to the 
ductus and five of eight patients aged > 3 years with 
juxtaductal obstruction had atresia. 


ANGIOGRAMS OF THE DUCTUS ARTERIOSUS 

The ductus arteriosus was visualised clearly in 20 
patients and was catheterised in 15 patients. In 18 
patients the lung tubular ductus arose from the 
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Fig.4 Selective angiograms of the central pulmonary artery through the ductus in a 13 year old girl with tetralogy of Fallot, 
pulmonary atresia, persistent ductus arteriosus, and previous Waterston shunt. ‘a) The balloon catheter was positioned in the 
persistent ductus arteriosus (PDA) via right atrium, right ventricle, and ascending aorta. (b) Fuxtaductal stenosis and atresia 
of the pulmonary trunk (PT) were clearly demonstrated. LPA, left pulmonary artery. The right pulmonary artery was not 
well shown because of wash out from Waterston shunt 





Fig.5 Selective angiogram of the central pulmonary artery Fig.6 Selective angiogram of the central pulmonary artery 
through the persistent ductus arteriosus (PDA) in case 11, through the ductus in case 19. The cone shaped left 

showing cone shaped stenotic ductus and juxtaductal stenosis pulmonary artery (LPA) was visualised. The pulmonary 

of the left pulmonary artery. Stenosis of the ductus caused artery was atretic proximal to the junction with the persistent 
contrast material to be regurgitated into the aorta. ductus artertosus (PDA). The angiographic balloon catheter 


was inserted into the ductus through the right ventricle and 
ascending aorta, 


aa 
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Fig 7 Types of pulmonary atresia, ages, and juxtaductal 
obstruction of the left pulmonary artery m patients unth 
pulmonary atresia and no previous operation. Fuxtaductal 
stenosis developed in infancy and early childhood when the 
pulmonary trunk was atretc. In contrast, patients with 
atresia of the pulmonary valve did not develop suxtaductal 
obstruction. 


inferior aspect of the aortic arch with an acute 
angle between ductus and descending aorta (Fig. 5). 
In the other two patients, with pulmonary atresia 
and an intact ventricular septum, the ductus was 
shorter, originated more caudally at the isthmus, 
and made an obtuse angle with the descending aorta. 
The ductus originating from the inferior aspect of 
the aortic arch was widest at its aortic origin, was 
tubular or cone shaped, and had localised stenosis at 
its junction with the pulmonary artery (Figs. 4 and 
5). A large ductus could be catheterised with a 
balloon catheter (Figs. 4 and 6). A small ductus had 
to be catheterised using a preformed ductus catheter 
(Figs. 3 and 5). 


Discussion 


The development of juxtaductal obstruction of the 
left pulmonary artery in patients with pulmonary at- 
resia has been described before but not as a definite 
entity.'2~'* Our angiographic observations pro- 
vided not only a diagnosis but also information 
about the development of juxtaductal obstruction. 
Several possible mechanisms have been proposed 
to explain the development of juxtaductal obstruc- 
ton. It has been suggested that, as in the case of 
coarctation of the aorta,!* the shearing force of rapid 
flow leads to development of a jet lesion at the 
bifurcation of the artery. This mechanism may 
explain the progression of juxtaductal obstruction 
after infancy. We, however, have seen juxtaductal 


obstruction in a 3 month old infant, and the early 
appearance of this obstruction suggests that ductal 
constriction may be a factor. Presbitero. etal re- 
ported evidence to support this hypothesis in one of 
their patients.' They suggested that as the ductus 
arteriosus closed, ductal tissue extended into and 
narrowed the left pulmonary artery. 

In the nineteenth century it was suggested that 
ductal tissue might be a cause of coarctation of the 
aorta (Skodaic theory).!®17 More recently this Sko- 
daic theory was invoked to account for angio- 
graphically diagnosed juxtaductal stenosis in the left 
pulmonary artery in tetralogy of Fallot in some 
patients. !® 19 

An understanding of the development of juxta- 
ductal obstruction in pulmonary atresia is relevant 
to the management of congenital cardiac diseases as- 
sociated with pulmonary atresia. The present study 
showed the progressive nature of this lesion, es- 
pecially proximal to the ductus, and its association 
with truncal atresia. In patients with truncal atresia, 
juxtaductal stenosis was already present in infancy— 
the youngest such patient in this series was 3 months 
old. After the age of 3 years complete juxtaductal 
atresia increased in frequency, but the small number 
of observations precluded quantitative statements 
about its rate of progression. The present study 
showed that juxtaductal obstruction developed at 
both sides of the ductal junction with the left pul- 
monary artery, but that it progressed more rapidly 
proximal to the junction. The reason for this 1s 
not clear. In contrast, we noticed that juxtaductal 
obstruction progressed more rapidly distal to the 
yunction after left subclavian-pulmonary artery 
anastomosis (unpublished data). We believe that 
juxtaductal obstruction may progress more rapidly 
where blood flow is more turbulent. 

It is remarkable that in this study juxtaductal ob- 
struction was an almost invariable finding in patients 
with truncal atresia but did not occur in those with 
valvar atresia. This difference is less clear cut in our 
continuing study of peripheral pulmonary artery 
stenosis in pulmonary atresia after palliative oper- 
ation. There are several possible explanations of the 
association of juxtaductal obstruction with truncal 
atresia. There is evidence that pulmonary valve at- 
resia, especially when associated with intact ventric- 
ular septum, develops later in fetal life than truncal 
atresia.7° This may in turn, lead to differences in 
development of the juxtaductal portion of the 
pulmonary artery. Specifically, the size of the 
pulmonary artery or the distribution of the ductal 
tissue in the left pulmonary artery may be different 
in these two types of pulmonary atresia. This 
remains to be studied. 

A few comments are needed on the technique of 
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selective angiography of the pulmonary artery in 
patients with pulmonary atresia and a central pul- 
monary artery. The origin and shape of the ductus 
arteriosus in pulmonary atresia are character- 
istic.'+ ?° It arises from the inferior aspect of the aor- 
tic arch and makes an acute angle with the 
descending aorta. We have used three techniques for 
catheterisation of this type of ductus. In a large high 
flow ductus, a transvenous balloon catheter (Ber- 
man) can be advanced through the right ventricle 
and ascending aorta into the ductus. An angio- 
graphic catheter may also be inserted through the 
brachial artery. In 1981 we developed a third tech- 
nique in which we used a preformed ductus cath- 
eter.'! This catheter is inserted percutaneously from 
the femoral artery and easily enters the ductus. We 
have used it extensively in children aged >1 year, 
and even a narrow ductus with an internal diameter 
of 2mm can be entered. 


We are indebted to Dr Leonard M Linde, Clinical 
Professor of Pediatric Cardiology, University of 
Southern California School of Medicine, and Miss 
Miyuki Kahn for their help. 
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An echocardiographic study of perimembranous 
ventricular septal defect with left ventricular to right 


atrial shunting 


MAURICE P LEUNG, C K MOK,* ROXYN SLO, KC LAU 
From the Departments of Paediatrics and * Surgery, University of Hong-Kong, Grantham Hospital, Hong 


Kong : 


SUMMARY Twenty nine patients with isolated perimembranous ventricular septal defects were 
investigated by M mode, cross sectional, and pulsed Doppler echocardiography. Tricuspid valve 
anomalies were present in all six patients with a left ventricular-right atrial shunt but in only six 
(26%) of 23 patients who had interventricular shunts only. Systolic flutter of the tricuspid valve 
was shown in five (83%) of the six patients with a ventriculoatrial shunt but not in the other 
patients. Systolic turbulence in both the right ventricle and right atrium was detected by Doppler 
echocardiography only in patients with ventriculoatrial shunting. A perimembranous ventricular 
septal defect with left ventricular to right atrial shunt can be diagnosed by its combined M mode, 
cross sectional, and pulsed Doppler echocardiographic features.. 


A left ventricular to right atrial shunt is usually not 
recognised until cardiac catheterisation has been 
performed. An increase in atrial oxygen saturation 
when the interatrial septum is intact suggests such a 
communication. The passage of contrast medium 
across the ventricular septum with immediate 
opacification of the dilated right atrium during se- 
lective left ventriculography is diagnostic.! Some of 
the echocardiographic features of ventriculoatrial 
communications have been described in single case 
reports.27~7 The present study is an attempt 
to define the M mode, cross sectional, and 
pulsed Doppler echocardiographic features of 
perimembranous ventricular septal defects with left 
ventricular to right atrial shunts. 


Patients and methods 


Twenty nine patients with isolated perimembranous 
ventricular septal defects were studied. Six patients 
(aged 2 months to 26 years (mean 8 years 1 month)) 
had both interventricular and ventriculoatrial 
shunts. Twenty three patients (aged 3 months to 26 
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years (mean 4 years 9 months)) had interventricular 
shunts only. Tmall patients cardiac catheterisation 
and cinecardioangiographic examination confirmed 
these intracardiac anomalies. Echocardiography was 
performed using the duplex system of the Mark V 
ATL instrument (MK 600) (Advanced Technology 
Laboratory, Bellevue, WA 98008) fitted with e:ther 
a 3 or 5 MHz transducer. Standard views were used 
to identify the septal defect? and to determine its 
relation to the tricuspid valve. The presence of tri- 
cuspid valve anomalies and M mode echo- 
cardiography of the tricuspid valve were recorded. 
Left to right shunting in the right ventricle close 
to the ventricular septal defect, the possibility of tri- 
cuspid regurgitation, and direct ventriculoatrial 
shunting were evaluated by pulsed Doppler echo- 
cardiography. The sample volume was iitally 
placed in the right ventricle adjacent to the septal 
defect and then in the right atrium close to the tri- 
cuspid valve. Any Doppler frequency shift indi- 
cating turbulent flow was noted. The direction and 
flow pattern of laminar or disturbed blood flow were 
displayed graphically. (Aliasing occurred when the 
turbulent flow exceeded the Nyquist limit of the ma- 
chine.) Audio signals were also used to assist in the 
differentiation between laminar and turbulent flow. 
Simultaneous M mode display was used to deter- 
mine the position of the sample volume and the elec- 
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Table 1 Summary of echocardiographic, cardiac catheterisation, and cineangiographic findings in patients with ventriculoatrial shunt 
Case  Sex/age VSD Tricuspid valve Tricuspid Systolic Catheterisation findings LV angiogram 

anomalies valve flutter turbulence rr findings 
PA pressure OP:OS 
RA RV (ma Hg) 
l F/5%4 yr Perimembranous Adherence of septal ++, systolic + + 37/6 14:1 Contrast to both RA 
leaflet to VSD margins (mean 26) and RV 
2 M/2 month = Perimembranous Widened anteromedial 0 +o + 55/25 397 Contrast to RA 
commissure (mean 30) 
(thickened, dysplastic 
valve at necropsy) 
3 M/9 yr Not seen Thickened septal leaflet +4, systolic + + 32/11 LTI Small jet to both RA 
mean 20) and RV 
4 E/7 yr Perimembranous Adherence of septal + +, systolic + + i 23:1 Contrast to both RA 
leaflet to VSD margins (mean 20) and RV 
5 F/10 month — Perimembranous Pouch like +, systolic + + 24/14 25:1 “Aneurysm of 
malformation of (mean 18) membranous 
septal leaflet septum”. Contrast 
; to both RA and RV 
6 F/26 yr Perimembranous Pouch like +, systolic + + 30/6 a “Aneurysm of 
malformation of (mean 16) membranous 


septal leaflet 


septum”, Contrast 


to both RA and RV 
Sannan emean an 


LV, left ventricle; PA, pulmonary artery; RA, right atrium; RV, right ventricle; QP:QS, ratio of pulmonary blood flow to systemic blood flow; 
VSD, ventricular septal defect. 


trocardiogram was used to time the events. When 
the defect was not clearly visualised, a search was 
made for systolic turbulence in different parts of the 
right ventricle by varying the position of the sample 
volume. Detection of systolic spectral dispersion in 
the right atrium or ventricle by Doppler technique 
was accepted as evidence of shunting. 


Results 


Table I gives the findings in the patients with ven- 
triculoatrial shunting, and Table 2 compares the 
findings in the two groups. 


VENTRICULOATRIAL SHUNTING 

The septal defect was visualised in five of the six 
patients. Tricuspid valve anomalies were observed 
in all six patients. A redundant septal leaflet with a 


Table 2 A comparison of the echocardiographic features of 
patients with or without a ventriculoatrial shunt 





Feature No of patients 








With shunt Without shunt 
(n = 6) in = 23) 
VSD visualised by cross 
sectional echocardiography 5 17 
Presence of tricuspid valve 
anomalies 6 6 
Presence of tricuspid valve 
systolic flutter 5 0 
Systolic turbulence detected by 
Doppler in right atrium 6 0 
Systolic turbulence detected by 
Doppler in right ventricle 6 23 


a eeeneenemaapbennmnmmmmmmnenenaneemnememne noes ran negen nana aceesenemne TTT 


pouch like malformation in the vicinity of the septal 
defect (Fig. la) was observed in two patients. Ad- 
herence of valve tissue to the margins of the septal 
defect (Fig. 1b and ©) was demonstrated in two other 
patients. Widening of the anteromedial commissure 
(Fig. 2b and c) was seen in one other patient. In the 
remaining patient, there was thickening and dis- 
tortion of the septal leaflet. Systolic flutter of the 
tricuspid valve leaflet (Fig. 3) was seen in the M 
mode echocardiograms of five patients. Doppler 
echocardiography showed systolic turbulence in 
both right ventricle and right atrium (Fig. 4) in all 
six patients. 


INTERVENTRICULAR SHUNT ALONE 

A septal defect was visualised in 17 (74°, ) of the 23 
patients. Twelve of the defects mainly affected the 
inlet septum and the remaining five extended to the 
apical trabecular and outlet region. In two patients, 
the subcostal four chamber view gave a false impres- 
sion that the defect extended above the tricuspid 
valve annulus (a direct ventriculoatrial commu- 
nication (Fig. 5a)). This was excluded by readjusting 
the transducer position (Fig. 5b) and by Doppler 
echocardiography (Fig. 5c). An anomaly of the tri- 
cuspid valve was demonstrated in six patients 
(26%). Pouch like malformations with redundancy 
of the septal leaflet were seen in three patients (Fig. 
5b) and adherence of accessory valve tissue to the 
margins of the defect was seen in the other three. 
There was no abnormal oscillation of the tricuspid 
valve in any patient. In all 23 patients Doppler tech- 
niques showed systolic turbulence in the right ven- 
tricle alone (Fig. 5c). 


Left ventricular to right 








atrial shunt 


Fig. 1 Stop frame of cross sectional echocardiogram 
showing tricuspid valve anomalies in patients toit} 
ventriculoatrial shunts. (a) Apical four chamber viet 
showing pouch like malformations of the redundant sé 
leaflet (small white arrows) in the vicinity of the 
septal defect (thick white arrow). (b) Parasternal four 
chamber view showing adherence of accessory tricuspid 
tissue (small white arrows) to margins of the 1 
septal defect (thick white arrow c) Parasternc 
cut through the aortic root showing similar features to th 
shown in (b). AO, aorta; c, central fibrous body; LA, lej 
atrium; LV, left ventricle; RA, right atrium; RV, righ 
ventricle; RVOT, right ventricular outflow tract 

tv, tricuspid valve. 
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Fig. 2 Angiographic, cross sectional echocardiographic, and 
morphological features of the ventricular septal defect in a 
patient with left ventricular to right atrial shunt (case 2). 
(a) Selective left ventriculogram with catheter crossing the 
ventricular septal defect and entering the left ventricle. A jet 
of contrast (black arrows) is shown passing directly into the 
right atrium from the left ventricle. (b) Cross sectional 
echocardiogram showing a perimembranous ventricular septal 
defect with a widened commissure (star) between the Septal 
and anterior leaflets of the tricuspid valve (small white 
arrows). (c) Post mortem specimen sectioned in the same 
plane as the cross sectional echocardiogram. Note the 
thickened dysplastic anterior and septal leaflets (black 
arrows) of the tricuspid valve with a widened commissure 

star) between the leaflets. VSD, ventricular septal defect. 
Other abbreviations are given in the legend to Fig. 1. 


Left ventricular to right atrial shunt 
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Fig.3 M mode echocardiography of the tricuspid valve showing the high frequency low amplitude systolic flutter (black 


arrow). ECG, electrocardiogram. 


Discussion 


Ventriculoatrial communications are divided into 
two main groups depending upon whether the septal 
defect is above or below the level of attachment of 
the septal leaflet of the tricuspid valve. Occasionally 
both supravalvar and infravalvar areas are affected.' 
The cases available for study had the most common 
type of shunt, namely that associated with a peri- 
membranous ventricular septal defect. 

There was no difference in the cross sectional 
echocardiographic appearance of the defect in the 
two groups of patients. In some patients with an ex- 
clusively ventricular shunt, tilting the transducer 
slightly more anteriorly than usual in the subcostal 
four chamber view produced a false image of ven- 
triculoatrial communication. When the transducer is 
not properly positioned in a patient in whom the 
tricuspid valve tissue is adherent to the margin of the 
ventricular septal defect, the upper part of the defect 


may appear to lie above the level of attachment of the 
tricuspid valve (Fig. 5a). This impression can be 
easily corrected by adjustment of the position of the 
transducer so that the plane passes through the cen- 
tral fibrous body of the heart in the apical four 
chamber view (Fig. 5b). The absence of a ventricu 
loatrial shunt can also be confirmed by the lack of 
systolic turbulence in the right atrium (Fig. 5c 

It is generally accepted that infravalvar ventricu 
loatrial communications always have associated 
anomalies of the tricuspid valve adjacent to the de 
fect.°~'' The following tricuspid valve anomalies 
had been identified and described’ ° '° '?- 17: clefts 
or perforations of the septal leafiet; thickening and 
distortion of the septal leaflet; adherence of valve 
tissue to the margins of the defect; pouch like mal 
formation caused by the presence of redundant valve 
tissue, and finally widening of, or incomplete attach 
ment of, the tricuspid valve to the membranous 
component of the ventricular septum at the antero- 
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Fig.4 Graphic display of Doppler echocardiography showing systolic turbulence in 
both right ventricle (RV) and right atrium (RA). ECG, electrocardiogram. 


medial commissure. Some of these anomalies are 
probably important in the pathogenesis of the shunt 
while others may only be associated anomalies. 
Some of these anomalies were demonstrated echo- 


graphically in all patients with a ventriculoatrial 
shunt and in a quarter of those without. The im- 
portance of these anomalies could not be determined 
echocardiographically. The pouch like mal- 


Left ventricular to right atrial shunt 





fa 


Fig. 5 
shunts alone. This view gave a false impression of direct communication (white arrow ) between the left ventricle and righ 


(b) Apical four chamber view passing through the central fibrous body showing a perimembranous ventricule 
(thick white arrow) with pouch like malformation of redundant septal leaflet of the tricuspid valve 
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(c) Graphic display of Doppler echocardiogram showing systolic turbulence in the right ventricle but not in the right 


ECG, electrocardiogram. Other abbreviations are given in the 


formation of the tricuspid septal leaflet seen by an- 
giography resembles the so called aneurysm of the 
membranous septum.'® It may represent one of the 
features of the normal variations in tricuspid valve 
attachments to the membranous component of the 
ventricular septum.'' The adherence of tricuspid 
valve tissue to the margins of the defect may repre- 
sent a mechanism of spontaneous closure.'* '* The 
tricuspid anomalies by themselves are not diagnostic 
of a ventriculoatrial shunt. When they are demon- 
strated in the presence of a perimembranous defect, 
however, an associated ventriculoatrial shunt should 
be suspected. Systolic turbulence should be sought 
in the right atrium in the vicinity of the anomaly. 


legend to Fig. 1. 


The rare echocardiographic finding 
flutter of the tricuspid valve was of diagnost 
in cases of congenital infravalvar ventriculoatr 
communication? * The flutter was of high freq 
and low amplitude. Grenadier er 
ported low frequency high amplitude oscillat 
the tricuspid valve throughout systole in a 
old girl with an infravalvar ventriculoatrial con 
nication and mitral regurgitation.” In the 
study, high frequency low amplitude systolic flutt 
of the tricuspid valve was demonstrated in fiy 
six patients with a ventriculoatrial shunt. It s 
reasonable to suggest that the low frequen 
amplitude tricuspid oscillations reported by ¢ 


al, howe 
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adier and associates are a variant when there is asso- 
ciated mitral regurgitation. The only patient (case 2) 
who did not have tricuspid flutter died. This infant 
died of fungal septicaemia eight weeks after closure 
of the septal defect. Necropsy showed a rather rigid 
and dysplastic tricuspid valve (Fig. 2c). This accords 
with the hypothesis of Nanda et al that one of the 
requirements for systolic flutter, of the tricuspid 
valve is sufficient local flexibility.” 

The Doppler echocardiographic demonstration of 
systolic turbulence in both right-ventricle and right 
atrium confirms that shunting occurs at both ven- 
tricular and atrial levels when there is left ventricu- 
lar to right atrial communication. In the present 
study we found several distinct echocardiographic 
features in patients with isolated perimembranous 
ventricular septal defect and an infravalvar ventricu- 
loatrial shunt. First, systolic flutter of the tricuspid 
valve was present in most patients. Secondly, anom- 
alies of the tricuspid septal leaflet and systolic tur- 
bulence, as detected by Doppler echocardiography, 
were invariably present in both right ventricle and 
right atrium. 


We thank Professor R H Anderson for his invaluable 
advice and assistance. 
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Increased vagal tone as an isolated finding in 
patients undergoing electrophysiological testing for 
recurrent syncope: response to long term 
anticholinergic agents 


CHRISTOPHER J McLARAN, BERNARD J GERSH, MICHAEL J OSBORN, 
DOUGLAS L WOOD, DECLAN D SUGRUE, DAVID R HOLMES JR, 
STEPHEN C HAMMILL 


From the Drviston of Cardiovascular Diseases and Internal Medicine, Mayo Climc and Mayo Foundation, 
Rochester, Minnesota, USA 


SUMMARY Features suggestive of an isolated increase in vagal tone during electrophysiological 
study were found in 12 patients with recurrent near syncope or syncope. Results at neurological 
and cardiac evaluation were otherwise normal. The increased tone or heightened sensitivity to 
vagal tone was manifested by abnormal atrioventricular nodal refractoriness and conduction that 
were reversed with atropine. The patients underwent long term treatment with an anticholinergic 
agent (propantheline bromide) and 75% improved. Before treatment they had experienced a 
median of seven episodes (range 3—28) of near syncope or syncope during 10-5 months (range 
1-60). During treatment these episodes decreased to a median of one (range 0-15) during 22-5 
months (range 3—67); six patients experienced no further symptoms. Three patients continued to 
have syncope while on treatment, and one of these tequired permanent cardiac pacing. No 
additional cause for syncope was identified in any patient. 

During electrophysiological assessment of patients with syncope, evidence may be obtained 
pointing to an increase in vagal tone. In many of these patients treatment with anticholinergic 
drugs seemed to improve or eliminate the symptoms. 


There have been isolated case reports of syncope We have assumed that clinical episodes of near 
being caused by excessive vagal tone in people who syncope or syncope in patients in whom the only 
are otherwise healthy. In some situations if syncope identifiable abnormality is increased vagal tone dur- 
occurs without the typical warning symptoms the ing electrophysiological study were the result of the 
individual may be at considerable risk.! ~* increased vagal tone. We have attempted to control 
Abnormal atrioventricular nodal function is a the symptoms with specific anticholinergic treat- 
prominent electrophysiological phenomenon that is ment aimed at reversing the increased vagal tone. We 
demonstrated both during spontaneous vasovagal report the long term results of this treatment in 12 
episodes and during electrophysiological testing in patients with near syncope or syncope and isolated 
patients who have a clinical history suggestive of increased vagal tone at electrophysiological study. 
vasovagal syncope but who are symptom free at the 
time of study.'*~* Increased vagal tone, however, Patients and methods 
may also be induced by the stress of the electro- 
physiological study in patients with no history of | Pattents—Twelve patients (five male and seven fe- 
near syricope or syncope. male) were identified who presented with recurrent 
ae : 2 near syncope or syncope; their only identifiable ab- 
vests for reprints to Dr Bernard J Gersh, Mayo Clinic, 200 First normality was increased vagal tone (defined below) 
Street SW, Rochester, MN 55905, USA at the time of electrophysiological study. Their mean 
Accepted for publicanon 24 September 1985 age was 48 years (range 15-84 years). None of the 
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patients had an identifiable cause for their symp- 
toms despite neurological (including electro- 
encephalography and computed tomography when 
indicated) and cardiac examinations (including ex- 
tensive ambulatory monitoring). Associated cardiac 
disease included partial anomalous pulmonary ve- 
nous drainage with a non-significant shunt in one 
patient and stable coronary artery disease in two 
patients. Patients were excluded from the study if 
they had any cardiac abnormalities that could be a 
cause of near syncope or syncope, including carotid 
sinus hypersensitivity, important postural hypo- 
tension (a decrease in systolic pressure of more than 
20 mm Hg on standing), and important neurological 
disease. 

History of syncope—-The patients were referred for 
evaluation of multiple episodes of syncope or near 
syncope that were causing considerable disruption to 
daily activities. One patient had been injured during 
a syncopal episode, and four other patients had ex- 
perienced symptoms in situations in which their life 
was threatened. There was no prodrome suggestive 
of a vasovagal event in five of the 12 patients; all of 
these patients had syncope without warning. Only 
three patients gave a history of vasovagal events in 
response to painful or emotional stimuli. In eight of 
the patients with symptoms, syncope or near syn- 
cope was more frequent when they were standing, 
although three of these patients also experienced 
symptoms while they were sitting or lying. Four 
patients did not describe any specific precipitating or 
aggravating factors. Two patients exercised regu- 
larly, but they were not highly trained athletes. 
Blectrocardtographic monttoring—None of the pa- 
tients had evidence suggestive of increased vagal 
tone on their 12 lead electrocardiogram (heart rate 
<55 beats per minute or atrioventricular conduction 
delay). Asymptomatic Wenckebach periodicity was 
noted in two patients during 24 hour monitoring. 
Definition of increased vagal tone—Increased vagal 
tone at the time of electrophysiological study was 
defined as (a) atrioventricular nodal Wenckebach pe- 
nodicity occurring at atrial paced rates of <120 
beats per minute, (b) abnormally prolonged atrio- 
ventricular nodal functional and effective refractory 
periods (>502 ms and >374 ms, respectively), 7 


with restoration of a normal interval after the intra- 
venous injection of atropine (2-4 mg). 
Electrophysiological study—The electrophysiological 
study was performed as previously described.® Anti- 
arrhythmic agents were discontinued at least five 
drug half lives before evaluation. Two or three elec- 
trode catheters were introduced via the right femoral 
vein and positioned in the high right atrium, the 
atrioventricular junction, and the right ventricular 
apex. Atrial pacing was performed for 30 seconds at 
incremental rates starting just faster than sinus 
rhythm and increasing up to 200 beats per minute. 
Atrial extrastimuli were then introduced, and the 
R-R interval was scanned during sinus rhythm and 
during atrial pacing. Heart rate and blood pressure 
were monitored during right carotid sinus massage 
and then during left carotid sinus massage. After this 
ventricular pacing was performed with incremental 
ventricular pacing for five beats until 2:1 capture or 
a paced cycle length of 200 ms was attained. ‘This was 
followed by single and double extrastimuli, and the 
R-R interval was scanned during sinus rhythm and 
ventricular pacing at 100 and 150 beats per minute 
from the right ventricular apex and outflow tract. 
The study was then repeated (without ventricular 
stimulation) after intravenous atropine (2:4 mg). 
Long term follow up and anticholinergic treatment— 
All patients were followed up directly as outpatients 
or by telephone contact. During long term follow up 
no other cause for the symptoms was identified. The 
patients were treated with propantheline bromide 
(7-5 to 15 mg three or four times daily) and the dose 
was adjusted to eliminate side effects. We did not 
believe that a placebo trial was ethical in this group 
of patients with profound potentially life threatening 
syncope. 

We used Student’s t test for paired data for statis- 
tical analysis of the electrophysiological results. Cor- 
rected sinus node recovery time was obtained by 
subtracting the basic cycle length from the sinus 
node recovery time. The effective refractory period 
of the atrioventricular node was defined as the lon- 
gest A,A, measured with the His bundle electro- 
gram that failed to conduct to the His bundle. The 
functional refractory period of the atrioventricular 
node was defined as the shortest H,H, interval in 


Table 1 Electrophystologtcal variables (mean (SD)) before and after atropine ın patients with recurrent syncope 





Variable Baseline 
Heart rate (beats/min) 62(9) 
Corrected sinus node recovery ume (ms) 345 (167) 
Atrial pacing rate (beats/min) resulting in 

AV node Wenckebach 99 {33} 
AV node FRP (ms) 616(6 
AV node ERP (ms) 480 (72) 


After atropine p 

96 (16) 0001 
189 (69) NS 
165 (20) 0 001 
ee) 0001 
295 (3 0001 


AV, atnoventricular, ERP, effective refractory period; FRP, functional refractory period, NS, not sugnrficant. 


Vagal syncope 
response to any A,A, interval. 


Results 


Electrophystological findings--Table 1 summarises 
the results of electrophysiological testing before and 
after the administration of atropine. All abnormal- 
ities of increased vagal tone (sinus rate and atrio- 
ventricular nodal conduction and refractoriness) 
became normal on atropine. One patient had an ab- 
normally prolonged corrected sinus node recovery 
time (> 525 ms) that became normal after the admin- 
istration of atropine. There were no abnormalities of 
His-Purkinje function or inducible ventricular ar- 
rhythmias. 

Anticholinergic treatment and long term follow up— 
All patients received anticholinergic treatment with 
propantheline bromide. Before anticholinergic treat- 
ment the 12 patients had experienced a median of 
seven episodes (range 3-28 episodes) of near syncope 
or syncope during a median of 10-5 months (range 
1-60 months) (Table 2). During anticholinergic 
treatment the near syncope or syncope decreased to 
a median of one episode (range 0-15 episodes) dur- 
ing a median of 22:5 months (range 3-67 months), 
and six patients experienced no further symptoms. 
In two patients (cases 11 and 12) the frequency of 
symptoms was unchanged or worse. One patient 
(case 10) had a reduction in the number of episodes 
of syncope after starting on propantheline bromide; 
however, he continued to experience syncope and, 
because of his occupation, a permanent pacemaker 
was placed and no further episodes of syncope were 
reported. In general propantheline bromide was well 
tolerated at a dose of.15 mg. One patient (case 9) 
required a reduction in the dosage to 7:5 mg three 
times daily because of constipation; his symptoms 
remained well controlled during the next five years. 
Four patients complained of ‘dry mouth, and one 
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patient complained of blurred vision; however, these 
side effects were slight and the patients continued to 
take medication. 


Discussion 


The patients in this study had experienced near syn- 
cope or syncope on many occasions, and the only 
abnormality identified after extensive neurological 
and cardiac investigation was evidence of an increase 
in vagal tone at the time of electrophysiological test- 


‘ ing. Coincidental pronounced variations in vagal 


tone will complicate the proof of a proposed cor- 
relation between the results of electrophysiological 
testing and clinical events. None the less, anti- 
cholinergic treatment aimed at reducing the in- 
creased vagal tone was associated with a considerable 
reduction in the frequency of near syncope or syn- 
cope, and this finding supports a cause and effect 
relation. We did not subject the overall frequency of 
near syncope or syncope before and after anti- 
cholinergic treatment to statistical analysis because 
such events are sporadic and a recent episode could 
have prompted medical examination. Also the occur- 
rence of clusters of episodes of syncope could have 
produced a spuriously high pretreatment frequency 
in our patients. 

Our definition of increased vagal tone at the time 
of electrophysiological testing is arbitrary but it is 
consistent with that in published reports.67 Al- 
though primary atrioventricular nodal disease could 
have been responsible for these electrophysiological 
findings and is also reversed by parasympathetic 
blockade,’ it is unlikely that our patients had this 
abnormality since they did not show progressive 
atrioventricular conduction abnormalities. The 


` findings during long term follow up, during which 


no other causes for the near syncope or syncope 
emerged, and the apparent response to specific anti- 


Table 2 Duration and frequency of syncopal events* before and during anticholinergic treatment 


Case No Before ’ 
Duration (mnths) Episodes (No) 
1 4 13 S N) 
2 12 5), 
3 18 8 (S, N) 
4 36 ($) 
5 3 6 (S) 
6 9 28 (S, N) 
7 t 3 (S) 
8 48 15 (5, N) 
9 60 25 
10 l 10 (S) 
11 5 3 (S, N) 
12 12 4 (S) 
Median (range) 10 5 (1-60) 7 (3-28) 


*N, near syncope; S, syncope. 


During 
Duration (mnths) Episodes (No) 
17 0 

9 0 
67 0 
28 0 
6 0 

4 0 
36 3N) 
50 2(S) 

61 2 0N) 

3 4 (S) 
46 15 (N) 
14 6 a 
22-5 (3-67) 1 (0-15) 


56 


cholinergic treatment support the suggestion that 
increased vagal tone was the underlying factor re- 
sponsible for the presenting symptoms. Mechanisms 
other than increased vagal tone could have been 
operating, however; for example, an increased sensi- 
tivity to acetylcholine or a decreased activity of 
acetylcholine esterase at the nerve terminal. 
These factors were not investigated in this study. 

, Excessive resting vagal tone has been reported in 
some cases. These are usually young people or highly 
trained athletes with reversible atrioventricular 
block on electrocardiography.'° '! They are usually 
symptom free, although there are reports of a few 
otherwise healthy indjviduals with recurrent and de- 
bilitating episodes of syncope and near syncope with 
evidence of increased vagal tone as their only clinical 
abnormality.1~ * The consequences of vasovagal epi- 
sodes are usually not serious because there are warn- 
ing symptoms before loss of consciousness. Our 
patients, however, experienced episodes of near syn- 
cope or syncope that occurred without provocation 
or were not associated with the typical prodrome of 
pallor, sweating, and nausea. In some situations such 
attacks could be life threatening, and they must limit 
activities such as driving and working in circum- 
stances that are potentially hazardous. 

The therapeutic options in patients with enhanced 
vagal tone are complicated by the fact that a vaso- 
vagal event has parasympathetic and sympathetic 
components—namely, bradycardia and a reduction 
in peripheral vascular resistance.!? 1° Treating 
the bradycardia may not necessarily improve the 
symptoms if there is an important additional 
vasodepressive component. None the less, anti- 
cholinergic treatment to prevent bradycardia was 
effective in 10 patients in this study and was effective 
in a single patient with syncope and abnormal atrio- 
ventricular refractoriness reversed by atropine de- 
scribed by DiMarco et al.> Propantheline bromide 
was well tolerated; however, the male patients in this 
study were young (mean age 34 years) and unlikely 
to have the urinary retention that occurs in older 
patients on this agent. 

The effectiveness of a permanent pacemaker for 
treating vasovagal syncope has been reported by 
other workers in small numbers of patients,” 5 '* and 
the one patient in this study who received a pace- 
maker has remained symptom free. Benditt et al re- 
ported the beneficial effect of theophylline in 
patients with recurrent bradycardias.’*> Thus, pace- 
makers should probably be reserved for patients 
with severe symptoms who do not respond ade- 
quately to theophylline or anticholinergic agents. 

This study does not imply that patients who have 
a vasovagal episode should undergo electro- 
physiological testing. In most patients the history - 
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indicates the diagnosis, .and. loss of consciousness 
may be avoided by lying down when the warning 
symptoms occur. In patients who have recurrent va- 
sovagal episodes that are not necessarily associated 
with a provocative event or that have a limited pro- 
drome, the use of anticholinergic agents seems 
justified. As reported in this study patients occa- 
sionally present with recurrent near syncope or syn- 
cope with no identifiable cause. In such patients the 
results of electrophysiological testing may be normal 
except for evidence suggestive of increased vagal 
tone. Anticholinergic agents are worth trying in 
these patients. 

The-~clinical implications:of this study are im- 
portant for patients who have near syncope or syn- 
cope with clinical or electrophysiological features 
compatible with increased vagal tone as their only 
identifiable abnormality. Whether this entity repre- 
sents excessive vagal tone or another form of atrio- 
ventricular nodal dysfunction that becomes normal 
on atropine is not particularly important. In general, 
permanent pacemaker implantation can be avoided 
in these patients, and anticholinergic agents are 
worth trying. 


This investigation was supported in part by a grant 
from the Institute of Cardiovascular Research, 
Brisbane, Australia. 
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SUMMARY Coagulation factor VIII, von Willebrand factor, antithrombin, fibrinogen, plas- 
minogen activator capacity, and inhibitors of fibrinolysis, including a recently discovered fast 
inhibitor of tissue plasminogen activator, were measured three to six months after myocardial 
infarction in 116 male and 32 female patients aged <45 and in 136 age and sex matched random 
controls. Plasma concentrations of fibrinogen and the fast inhibitor of tissue plasminogen activa- 
tor were raised in male patients (with or without correction for orosomucoid levels, blood group 
distribution, tobacco and alcohol consumption, and weight/height index) and plasminogen acti- 
vator capacity was reduced. In female patients the concentrations of factor VIII, von Willebrand 
factor, the fast inhibitor of tissue plasminogen activator, «,-antiplasmin, and C1 inhibitor were 
significantly increased. The increase in factor VIII concentrations depended strongly on a persis- 
ting inflammatory response. Multivariate analysis indicated that a combination of fibrinogen and 
tissue plasminogen activator inhibitor concentrations gave the best independent discrimination 
between male patients and controls. For female patients the best combination was von Willebrand 
factor and tissue plasminogen activator inhibitor. Male patients with multiple vessel athero- 
matosis at coronary angiography had higher fibrinogen concentrations than those with athero- 
matosis of a single vessel. Atheromatosis was defined as sharp-edged, plaque-like, or irregular 
indentations, often multiple, into the vessel lumen without features suggesting fibromuscular 


hyperplasia. 


Several mechanisms have been suggested to explain conducted in the acute phase and the patients stud- 
the pathogenesis of ischaemic heart disease. Accord- ied have been heterogenous with regard to age, 
ing to the thrombogenic theory of atherogenesis,! medication, and coexisting disorders. Furthermore, 
hypercoagulability may be a prerequisite not only the presence and extent of coronary atherosclerosis 
for the development of thrombotic complications has not been assessed by angiography. 
but also for the pathogenesis of atherosclerosis. Im- Young adults with ischaemic heart disease consti- 
paired fibrinolysis at the onset and during the course tute an ideal group in which to study the factors 
of myocardial infarction is viewed mainly as a reduc- operating early in atherogenesis and arterial throm- 
tion in defensive capacity while coronary occlusion boembolism. We therefore performed a comprehen- 
and fibrin formation are under way. sive investigation of blood coagulation and 
Most studies of haemostatic function in patients fibrinolysis in consecutive patients who had sur- 
with previous myocardial infarction have focusedon vived a definite myocardial infarction before the age 
platelet function. In general, studies including tests of 45 and in whom coronary angiography had been 
of blood coagulation and fibrinolysis? ~?” have been performed. We measured various coagulation vari- 
ables including factor VIII, von Willebrand factor, 
antithrombin, and fibrinogen. Fibrinolytic function 
Requests for reprints to Dr Anders Hamsten, Karolinska Institutet, was studied by determination of plasminogen activa- 
rig Danderyd Hospital, S-182 88 Danderyd, tor capacity and possible inhibitors of fibrinolysis, 
bs including the recently discovered fast inhibitor of 
Accepted far publicanon 3 September 1985 tissue plasminogen activator. 
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Patients and methods 


STUDY GROUPS 

Between May 1980 and September 1982, 163 pa- 
tients aged <45 were admitted with definite myo- 
cardial infarction? to the eleven hospitals in 
Stockholm County with intensive care units. Of 
these, 137 were male and 26 were female. Six male 
patients had a history of recurrent infarctions. Fif- 
teen patients died during the stay in hospital. The 
148 consecutive survivors were subsequently re- 
ferred to the Department of Medicine, Danderyd 
Hospital, for haemostatic, metabolic, and cardio- 
logical investigations. Two further patients died 
shortly after discharge from hospital. Eight patients 
declined the investigation and for other reasons a 
complete evaluation was not performed in two pa- 
tients. To enlarge the female patient group, twelve 
more women who had myocardial infarction be- 
tween October 1982 and December 1983 were also 
included in the study. Thus we studied 116 male 
patients (92% of male survivors) and 32 female pa- 
tients (94% of female survivors). All patients were 
investigated as outpatients 3-6 months after in- 
farction. Clinical data were abstracted from the 
medical records acquired on admission to the in- 
tensive care units. In addition, a medical history was 
obtained by a structured interview and question- 
naires at the time of this study. 

Most (127 cases) patients had no angina or only 
mild angina (New York Heart Association classes 
I-II) during the early post-infarction period. Severe 
peripheral atherosclerosis with incapacitating inter- 
mittent claudication was present in two patients and 
manifest diabetes in fourteen. Coronary bypass 
surgery was not performed in any of the patients in 
the period between onset of infarction and this 
study. One patient had been operated upon six years 
before the study. There were no signs of cardiac de- 
compensation in any of the patients at the time of the 
haemostatic evaluation. 

‘Two patients were initially receiving anti- 
coagulants because of thromboembolic compli- 
cations during the acute phase. They were 
investigated at least two months after the end of the 
treatment. Oral contraception had been discon- 
tinued upon admission to hospital in five women. 
One woman in the control group was taking oral 
contraceptives at the time of the study. 

For each patient a control subject from the same 
neighbourhood was randomly selected from a gen- 


„eral register of all .residents. in. the. county: -after 


matching for age and sex. Previous medical history 
and risk factors were established ın the controls in 
the same way as they were in the patients. None of 
the controls had a history suggestive of angina or 
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electrocardiographic signs indicative of ischaemic 
heart disease during a maximal exercise stress test 
(Minnesota codes 4-1 and 4-2). 


BLOOD SAMPLING 

Blood samples for evaluation of the haemostatic sys- 
tem were drawn three to six months (mean (SD) 3:5 
(1:2); range 2:5-12 months) after the onset of myo- 
cardial infarction, at which time the patients were 
considered to be in a stable clinical and metabolic 
state. Matched controls were investigated sumulta- 
neously with the patients to avoid any influence of 
seasonal variations on group comparisons. In both 
patients and controls blood sampling was evenly dis- 
tributed over the year. Participants had been given 
written instructions to avoid platelet inhibiting 
treatment in the 10 days before blood sampling. All 
subjects were free from symptoms of infectious dis- 
ease at the time of blood sampling and they had been 
fasting for 12 hours. Antecubital vein puncture with 
a 1-4 mm Wassermann needle (TSK Laboratories, 
Japan, Size DIM 1-4x45mm) was performed 
between 8.00 and 9.30 am after 10 minutes’ rest in 
the supine position. The first 5 ml of blood was dis- 
carded, then 9 ml venous blood was taken into 1 ml 
trisodium citrate (0-13 mol/l) pH 7-5, and was 
immediately and thoroughly mixed. After centri- 
fugation at room temperature for 20 min at 4000 g, 
plasma was dispensed into plastic tubes and kept 
frozen at —70°C until it was tested. 


LABORATORY METHODS 
Factor VIII was determined by a two stage throm- 
bin generation assay” and von Willebrand factor by 
quantitative electroimmunoassay.’° Antithrombin 
antigen and activity were measured by radial 
immunodiffusion!! and a chromogenic peptide sub- 
strate method.!? Fibrinogen was analysed by a poly- 
merisation test. !? Plasminogen activator activity was 
determined by the fibrin plate method!* with 
euglobulin precipitates. Urokinase (Loevens, Bal- 
lerup, Denmark) was used as an internal standard 
and the results were expressed in Plough units (PU). 
Plasminogen activator release was provoked by ve- 
nous stasis obtained by a tourniquet applied to the 
upper arm at 100 mm Hg for 10 minutes. The 
difference in plasminogen activator activity between 
samples drawn before and after venous stasis was 
used as a measure of plasminogen activator capacity. 
This method primarily measures tissue plasminogen 
activator activity. The fast inhibitor of tissue plas- 
minogen activator,!5  ,-antiplasmin,’® pre- 
kallikrein,!” kallikrein inhibiting activity,’’ and Cl 
inhibitor!® were measured by methods that use 
chromogenic peptide substrates. 

In addition we calculated the ratio of von 
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Willebrand factor to factor VIII, which has been 
suggested as being a useful index of. hyper- 
coagulability,!2-and-the ratio of antithrombin activ- 
ity to antigen. The acute phase 
orosomucoid was determined by electro- 
immunoassay.'° For technical reasons analyses of 
kallikrein inhibiting activity and C1 inhibitor were 
only performed in every second male subject, 


UNITS FOR VARIABLES ite 
Assays of all haemostatic variables except-the fast 
inhibitor of tissue plasminogen activator -were cali- 
brated against an internal plasma pool obtained from 
20 healthy men (aged 54-6 (5-3), range 44—61 years). 
~The results were expressed as percentages of the in- 
ternal standard, which is deemed to contain 100%. 
Internal standards for factor VIII and von Wille- 
brand factor were calibrated against the Ist and 8th 
British plama standards (66/335 and 78/506, Na- 
tional Institute for Biological Standards and Con- 
trols, London). Results from analysis of the fast 
inhibitor of tissue plasminogen activator were ex- 
pressed as previously described.1* 


CORONARY ANGIOGRAPHY 
Coronary angiography was performed by the per- 
cutaneous transfemoral technique in 133 patients 
(107 men and 26 women) three to six months after 
myocardial infarction (mean (SD) 4-4 (1-5), range 
1-12). Angiograms were routinely obtained both be- 
fore and five minutes after the administration of sub— 
lingual glyceryl trinitrate. 

The coronary angiograms were allocated to one of 
the following four groups: 1, normal coronary angio- 
gram; 2; occlusion. or stenosis of.a-single vessel—no 
other definite angiographic abnormalities; 3, athero- 
matosis in a single vessel with or without occlusion 
or stenosis in the same or any other vessel; 4, athero- 
matosis of multiple vessels with or without occlusion 
or stenosis of any vessel. 

Atheromatosis was defined as sharp-edged, 
plaque-like, or irregular, indentations, often multi- 
ple, into the vessel lumen without features sug- 
gesting fibromuscular hyperplasia. One single 
stenosis with smooth contours or a single occlusion, 
in the absence of additional changes, was not 
classified as atheromatosis, whereas multiple lesions 
always were. In addition to this classification pa- 
tients were divided into traditional coronary artery 
disease categories, according to the number of major 
coronary arteries with haemodynamically important 
lesions.*° All angiograms were interpreted by one of 
us (AS) without knowledge of the clinical history or 
haemostatic profile of the patient. 


reactant - 
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ADDITIONAL RISK INDICATORS 

For calculation of the average tobacco consumption, 
one cigarette was considered to be equivalent to one 
gram, one cigarilld to two grams, and one cigar to 
five grams of tobacco. The tobacco consumption of 
pipe smokers was calculated by dividing by seven 
the weekly consumption in grams. Cumulative to- 
bacco consumption before myocardial infarction 
was estimated as cigarette-years. Figures on alcohol 
consumption were based on a structured interview 
and questionnaires and expressed as grams of abso- 
lute alcohol consumed during one’ month. Body 
weight was measured with subjects dressed in ordi- 
nary indoor clothing without jacket or shoes. Blood 
pressure was measured in the supine position after 
five minutes’ rest. Hyperlipoprotetmaemias were 
defined according to the World Health Organisation 
classification.?' All subjects had been evaluated by 
preparative lipoprotein ultracentrifugation?* and 
agarose lipoprotein electrophoresis.?> The cut-off 
limits for the different lipoprotein phenotypes were 
set to the 90th percentile of the very low density 
lipoprotein triglyceride and low density lipoprotein 
cholesterol values in age and sex matched random 
controls. Manifest diabetes mellirus was defined as 
being present when fasting hyperglycemia (whole 
blood) exceeded 7-0 mmol/l. Blood glucose was mea- 
sured by a glucose oxidase method.** Oral glucose 
tolerance had been. assessed in all patients after in- 
gestion of 1-75 g glucose/kg body weight and the 
criteria for reduced glucose tolerance suggested by 
Efendic et al** were applied. 


STATISTICAL METHODS 

The statistical methods used were those recommen- 
ded by Snedecor and Cochran.?° Proportions were 
compared by the y? test with Yates’s correction. 
Statistical significance for differences in haemostatic 
variables between groups was tested by one-way 
analysis of variance and two-tailed £ tests. 
Significance testing of selected pairs of values after 
analysis of variance was performed by the Tukey 
studentitised range method. Coefficients of skew- 
ness and kurtosis were used to test deviations from a 


' normal distribution, and logarithmic transformation 


of the individual values of skewed variables was per- 
formed before statistical analysis and testing for 
significance. Differences between groups were fur- 
ther studied by analysis of covariance which enabled 
us to control for concomitant group differences in 
other variables which may have influenced blood co- 
agulation or fibrinolysis. Stepwise multiple discrim- 
inant analysis. was : performed to eyaluate the 
independent discriminant value of the haemostatic 
variables. Variables reflecting smoking habits, 
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Male : Female 
Patients Controls p value Patients Controls p value 
(n= 116) (nm 116) (n= 32) (n= 17) 
Age (yr) 39-8 (3 9) 39-9 (3 9) NS 38-7 (4-6) 39 1(44) NS 
B groups (n) A/AB/B/O 52/8/18/38 48/10/15/43 NS 16/2/5/9 9/0/2/6 NS 
Orosomucoid (g/1) 046(017)  ©39 (0 10) <0-001 053 (0-21)  036(009) <0001 
Smoking habits (n): . 
Present smoker 46 45 13 6 
Former smoker 63* 30 <0 001 13+ 0 <0-001 
Non-smoker i ‘ 7 41 6 11 
Tobacco consumption: 
Present (g/day) 65 (10-1) 8 0(12 5) NS 3-6 (5-5) 4-4 (7-4) NS 
Gane ve f 411 (226) 198 (218) <0-001 310 (176) 107 (154) <0 001 
a years 
l consumption (g/month) 415 (381) 623 (388) <0-001 274 (289) 209 (135) NS 
Hypertension (n) 29 12 <0-001 12 l <0-001 
Hyperllpoprotelnaemiia (a): 3 
31 10 2 3 
nb ' ; s 3 <0 001 3 ‘ <0-001 
IV 33 7 E 7 1 
Diabetes (n): 
Type I : r 2 0 7 0 
Type II 4 0 <0 001 1 0 <0 001 
Decreased oral glucose tolerance (n) 35 10 2 0 
Weight/height index waght/ 1 06 (0-13) 0-99 (0:12) <0-001 0-97 (0-1) 051 © 15) NS 
(height-~100) (kg/cm) i 
*55 and t11 patients stopped smoking at the time of the infarction. 
t , $ 


NS, not 


alcohol consumption, and stature, as well as ABO 
blood groups were entered as forced variables. 


ETHICAL CONSIDERATIONS 

All subjects gave their informed consent to the 
study. The study protocol was approved by the re- 
gional ethical committee. 


Results 


CLINICAL CHARACTERISTICS AND RISK 
INDICATORS 

Table 1 gives clinical characteristics and con- 
ventional risk indicators in patients and controls. 
Orosomucoid concentrations were significantly in- 
creased in-both patient groups. Blood group distri- 
bution was similar in patients and controls. Smoking 
habits were identical in the two groups at the time of 
the haemostatic evaluation. There was a pronounced 
overrepresentation of former smokers in the patient 7 
groups, however, most of whom had stopped smok- 
ing at the time of infarction. Accordingly, cumu- 
lative lifetime -tobacco consumption was much 
higher in patients. Alcohol consumption was higher 
in male’ controls than in male patients, whereas no 
differences were seen between the female study 
groups. More patients than controls were found to 
have hyperlipoproteinaemia, manifest diabetes, or 


reduced -oral glucose: tolerance. In addition, the - 


weight/height index was higher in the young male 
post-infarction patients. 
As shown in Table 2 a-markedly higher propor- 


tion of female patients (16/26) than male patients 


.-(27/107) had no definite angiographic signs of coro- 


nary atheromatosis (x7= 10-997, p<0-001). Simi- 
larly the distribution of the female patients in 
coronary artery disease categories differed from that 
of the male patients, with a higher proportion of fe- 
male patients having insignificant or single vessel 
disease (x? = 6-486, p< 0-05). 


HAEMOSTATIC VARIABLES IN PATIENTS AND 
CONTROLS 
Table 3 gives the plasma concentrations of the hae- 
mostatic variables in patients and controls. Because 
sex differences were found in the plasma concen- 
-trations of some haemostatic variables male and fe- 
male subjects were compared separately. Differences 
between patients and controls were also evaluated by 
analysis of covariance with orosomucoid concen- 
tration alone and with tobacco consumption, alcohol 
consumption, weight/height index, and ABO blood 
group as covariates. 

The fibrinogen concentration was higher in male 
patients than in male controls. The difference in 
fibrinogen concentration between male subjects per- 
sisted when the analysis was performed with all se- 
lected covariates (mean (SD)) (3:42 (0:08) vs 3-16 
(0-08) g/l, p<0-05), but was lost when orosomucoid 
level alone was used as a covariate. Mean fibrinogen 
values were higher in female patients than in 
controls, but the difference was not statistically 


significant. 
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Table 2 Coronary angiographic findmgs in male and female patients 


Classification according to presence and extension of coronary atheromatosis 





Normal angiogram Single occluson|stenosis  Smgle vessel Multiple vessel 
no atheromatosis matoss atheromatosis 
Male patients (n= 107) 7 20 12 68 
Female patients (n=26) 5 ll 3 7 
Classification according to number of mayor coronary arteries with haemodynamically important lesions 
Insignificant disease Single vessel disease Doubie vessel disease Triple vessel disease 
Male patients (n= 107) 8 42 36 21 
F patients (n=26) 5 15 4 2 





The concentrations of factor VIII or von Wille- 
brand factor were similar in male patients and male 
controls. In contrast these factors were significantly 
higher in female patients than in female controls. 
The increase in concentration of von Willebrand 
factor in female patients was independent of back- 
ground group differences in basic characteristics 
considered in covariance analysis (165-4 (11-4) vs 
95-1(16-3)%, p<0-01), whereas the difference in 
factor VIII level was highly correlated with 
increased orosomucoid concentration in the patient 
group. There were no significant differences 
between male or female patients and controls for the 
ratio of von Willebrand factor to factor VIII. 
Antithrombin concentrations as measured with the 
two different methods and antithrombin ratios were 
similar in patients and controls of both sexes. 

The plasminogen activator capacity (difference in 
plasminogen activator activity values measured 
before and after venous occlusion) was decreased in 
both male and female patients. The difference 
between male patients and controls persisted after 
control of group differences in orosomucoid concen- 
trations alone (0-35 (0-06) ws 0-57 (0-06) PU, 
p<0-01) or in combination with all other covariates 
(0-37 (0-07) vs 0-56 (0-06) PU, p<0-05). The 
significantly lower plasminogen activator capacity in 
female patients compared with that in female con- 


trols, however, was eliminated in the covariance 
analyses. The concentration of the fast inhibitor of 
tissue plasminogen activator was considerably in- 
creased in both patient groups and the group 
differences remained after correction for con- 
founding factors. 

A slight increase in antiplasmin concentration in 
male patients did not remain significant in the covar- 
iance analyses, whereas the moderately increased an- 
tiplasmin concentration in the female patients was 
not influenced by the selected covariates taken to- 
gether (112-1 (4:2) vs 103-5 (3-1)%, p<0-05). A 
small but statistically highly significant increase in 
prekallikrein concentration in male patients was re- 
duced and did not reach statistical significance in 
analysis using all covariates. In female patients a 
modest increase in prekallikrein concentration was 
entirely dependent on increased orosomucoid levels. 
This was also the case for kallikrein inhibiting activ- 
ity, whereas the increase in C1 inhibitor concen- 
tration in female patients was only marginally 
influenced by the selected covariates (126-9 (5-0) ws 
100-9 (6-6)%, p < 0-05). Concentrations of kallikrein 
inhibiting activity and C1 inhibitor were almost 
identical in male patients and controls. 

Analysis of individual data on male patients 
showed that 17% had values of factor VIII above 
the 90th percentile of matched controls, 22% had 


Table 3 Haemostatic variables m patients and random controls (mean (SD)) 





Male 
Measurement Patients Controls 

{n=116) (nm 116) 
Fibrin > 352 (1 07) 3 08 (0 81) 
Factor VIII (%) 105 0 (32 2 99 7357) 
vWFAg (%) 113 6 (54 103-7 (40-9) 
ATS (%) 104 9 (10 2) 105-1 (9-2) 
ATAg (%) 103 0 (12 0) 103 4 (9 9) 
CA apaan H) 0 31 (0 46 0 58 (0 73) 
t-PA inhibitor (AU/ml) 43603 18) 278 (1 93) 
Antiplasmin (%) 103 1 (10 8) 999 ie 4) 
Prekallikrein (%) 104 4 (14 7) 977057) 
Kallikrein inhibinng activity (%) 11105 3 111-3 (12 7) 
C1 inhibitor (%) 1147079 114 0 (16 3) 
Ratio ie iis 109 (0 42 1-03 (0-39) 
Ratio ATS.ATAg 102 (0 09 1 02 (0 09) 


Fenale 
p value Patients Controls p valus 
(n=32) (n=17) 
<0-01 403 (1-31) 3-40 (1 01) NS 
NS 160 1 (78 8) 918 oy <0 001 
NS 162-2 ee 100-1 (35-1 <0 01 
NS 105 9 (133 1017 he NS 
NS 105-4 (11 7) 98 7(11 7) NS 
<001 0-28 (0 31) 0-43 (0 32) <0-05 
<0-001 3 80 (1 59) 2 06 (0 69) <0-01 
<0 05 1129 (15 101 7 (67) <0-05 
<0-001 105 1 (289 93 3 (13-4) NS 
NS 117-2 (22: 97 2(9 5) <0 05 
NS 126 9 (143 101 4(11 0) <0-001 
NS 1100 oe 1-15 (0 35) NS 
NS 1 06 (0 08 1 04 (0 08) NS 


vWFAg, von Willebrand factor; ATS, antithrombin acnvity, ATAg, anuthrombin antigen; PA, pleaminogen activator; t-PA inhibitor, fast 
inhibitor of tissue plasminogen activator; FVIII, factor VIII; PU, plough units, AU, arbitrary units. 
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Table 4 Haemostatc variables in male patients grouped according to the presence and extent of coronary atheromatosis 








Measurement Normal Single occlusion 
angiogram or stenosis 
("=7) (nm 20) 
Fibrinogen (g/1) 3 16 (1 23) 3 17 (0 55) 
Factor VIII (%) 117 4 (36 2) 93 4 (31 2 
vWFAg (%) 100 0 (49 6) 96 1 (316 
ATS (%) 107 9 (110 105 9 Nra 
ATAg (%) 102 4 (140 105-3 (12 7) 
PA capacity (PU) 0-15 (0 13) 0-35 (0 47) 
t-PA inhibitor (AU/ml) 6 86 (9 52) 3 82 (1-81) 
Antrplasmin (%) 98 6 (10 2) 99 8 (11 1) 
vWFAg, von Willebrand factor; ATS, 
inhibitor of tissue plasminogen activator. 


values of von Willebrand factor above the 90th per- 
centile, and 37:5% had values of the fast inhibitor of 
tissue plasminogen activator about the 90th per- 
centile (values above 135% for factor VITI, 150% 
for von Willebrand factor, and 3-5 AU/ml for the 
fast inhibitor of tissue plasminogen activator). Simi- 
lar analysis of plasminogen activator capacity data 
showed that 20:8% of male patients had values be- 
low the 10th percentile of control subjects (values 
below 0-15). Limited numbers in the control group 
prevented this analysis in female patients. 

In stepwise multiple disciminant analysis, con- 
centrations of fibrinogen and the fast inhibitor of tis- 
sue plasminogen activator emerged as the 
haemostatic variables that gave the best independent 
discrimination between male patients and controls. 
The independent discriminatory power of the fast 
inhibitor of tissue plasminogen activator was en- 
tirely lost, however, when tobacco consumption, 
regular alcohol intake, and weight/height index were 
introduced in the discriminant function. In women 
concentrations of von Willebrand factor and the fast 
inhibitor of tissue plasminogen activator gave the 
best independent discrimination between patients 
and controls, irrespective of the introduction of pos- 
sible confounding variables. When we used the two 
sets of haemostatic variables contained in the dis- 
criminant functions we correctly classified 65% of 


Single vessel Multple vessel F value p value 
atheromatosis eromatosis 
(n=12) (nm68) 

2 98 (0 52) 3-76 (1 18) 365 0-015 
102-3 (31 6) 104 6 (28 9 1-25 0 295 
117 4 (49-1) 116 4 (58 7 084 0 478 
1041 RR 105-3 (10 $ 021 0 886 
100 3 (6 8 103 5 (12 4 042 0 738 

032 ee 031 8 45) 065 0 585 

2-90 (1 82 4-78 (3 03) 0-48 0 694 
102 3 (8 0) 104 4 (11 1) 1:24 0-298 


antithrombin acuvity, AT Ag, antithrombin anugen, PA, plasminogen activator, t-PA inhibitor, fast 


male and female patients, with slightly higher values 
for controls. 


CORRELATIONS BETWEEN HABMOSTATIC 
VARIABLES AND CORONARY ANGIOGRAPHIC 
FINDINGS IN MALE PATIENTS 

Tables 4 and 5 show the concentration of some hae- 
mostatic variables in male patients grouped accord- 
ing to presence and extension of coronary 
atheromatosis or number of significantly diseased 
major coronary arteries. 

Analysis of variance indicated differences in 
fibrinogen concentration among patients grouped 
according to presence and extension of coronary ath- 
eromatosis (Table 4). Mean fibrinogen concen- 
tration in male patients with multiple vessel 
atheromatosis at angiography was significantly 
higher than that in male patients with single vessel 
atheromatosis (p < 0-05, as tested by the Tukey pro- 
cedure). The mean fibrinogen concentration in pa- 
tients with an entirely normal coronary angiogram 
and with single vessel occlusion/stenosis and no 
other angiographic evidence of atheromatosis re- 
sembled that ın patients with coronary athero- 
matosis demonstrable in only one of the major 
coronary arteries. 

When male patients were grouped according to 
the number of vessels with haemodynamically im- 


Table 5 Haemostatic variables in male patients grouped according to the number of major coronary arteries with 


haemodynamically important lesions (mean (SD)) 





Measurement Insignificant Smgle vessel 
disease disease 
(n=8) (n= 42) 
Fib. 324 (1 16) 3 41 (1 03) 
Factor VIII (%) 118-1 2 6) 96 9 (27 7) 
vWFAg (% 107-1 (50 2) 108 1 (65 0) 
ATS (%) 107 9 (10 2 106 4 (9 3) 
ATA (%) 104-8 (14 104 2 (11 4) 
PA capacity (PU) 013(0 1%) cae 48) 
t-PA inhibitor (AU/ml) 5 34 (8 19 404 (2 27) 
Anuplesmin (%) 99-4 (9 7) 103-2 (11-9) 





Double vessel Triple vessel Foualue p valus 
disease disease 
(n= 36) (n= 21) 

3-62 (1 05) 3 68 (1 20) 039 0761 
106 2 (30 7) 104-0 (28 8) 138 0-254 
123 4 (44 9) 100 21136} 094 0 422 
106-9 3) 100 4 (12 0) 2 22 0 091 
103 2 (115) 101-7 (13 3) 0:22 0 632 

0-27 ER 0 34 (0 62) 079 0 505 

4 43 (3 29 4 43 (1 35) 040 0751 
103 7 (9 9) 102 4 (12 4) 034 0795 


lanes E A LAO A SR OS nS nn Ee 
vWFAg, von Willebrand factor, ATS, antithrombin activity, ATAg, antithrombin antigen; PA, plasminogen activator, t-PA mhibitor, fast 


inhibitor of tissue plasminogen activator 
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portant lesions (Table 5), there was a tendency for 


patients with triple vessel disease to have lower anti- - 


thrombin activity values than the remainder of the 
patients. This difference was not significant as ana- 
lysed by the Tukey studentitised range method. 

No significant differences in factor VIII and the 
von Willebrand factor were noted between patients 
grouped according to two angiographic classification 
systems, nor were there significant group differences 
for any of the fibrinolytic variables. 

No significant differences were found in the few 
female patients grouped according to angiographic 
findings. 


Discussion 


So far most of the epidemiological and aetiological 
research on ischaemic heart disease has mainly dealt 
with conventional risk factors such as smoking, hy- 
pertension, and different hyperlipoproteinaemias— 
studies on the haemostatic system have been scarce. 
Young adults with myocardial infarction probably 
represent a heterogenous group.?7~?° In most cases 
rapidly progressing coronary atherosclerosis is the 
underlying disease. In a minority, however, other 
predisposing factors may be operating. Since hae- 
mostatic function has been implicated in athero- 
genesis as well as in thromboembolic disorders, we 
decided to investigate the function of blood coagu- 
lation and fibrinolysis in patients with premature is- 
chaemic heart disease. No such studies have yet been 
reported in representative and sufficiently large 
groups of young post-infarction patients. 

Stepwise discriminant analysis indicated that con- 
centrations of fibrinogen and the fast inhibitor of tis- 
sue plasminogen activator in men and von 
Willebrand factor and the fast inhibitor of tissue 
plasminogen activator in women were significant 
discriminants of myocardial infarction. There was a 
striking sex difference in the distribution of patients 
between the angiographic subgroups: Sixty two per- 
cent (16/26) of the female patients who had coronary 
angiography had no definite signs of atheromatosis 
nor did 25% (27/107) of male patients. Male pa- 
tients with a coronary angiogram showing severe 
atheroma tended to have higher plasma fibrinogen 
concentration than patients without angiographic 
evidence of coronary atheromatosis. There was also 
a tendency for antithrombin activity values to be low 
in male patients with triple vessel disease. 

These data suggest that disturbances of blood co- 
agulation and fibrinolysis might have considerable 
independent significance for the development of 
myocardial infarction in young women because they 
predispose them to coronary thrombosis. The hae- 
mostatic alterations seen in male patients might pri- 


marily be involved in the evolution of coronary 
atherosclerosis. These disturbances, however, might 
also play a part in the precipitation of infarction in 
individuals with severe widespread coronary ath- 
eroma. 

The interpretation of the present data on 
fibrinogen is not clear. In previous studies?°~ 3? jn- 
creased fibrinogen concentrations have been found 
in patients with ischaemic heart disease. Further- 
more fluid dynamic factors have been implicated in 
the siting of atherosclerotic lesions.>? An association 
between blood viscosity and extension of coronary 
artery disease, partly due to increased fibrinogen 
concentrations, has been demonstrated in one angio- 
graphic study.** 

Our findings in male patiens do not confirm ear- 
lier observations of higher plasma concentrations of 
von Willebrand factor in patients with angiographic 


_ evidence of atherosclerosis.3> Furthermore, data 


from an extensive population study? have sug- 
gested that factor VIII might be a predictor of sub- 
sequent cardiovascular mortality in middle aged 
men, whereas the concentration of von Willebrand 
factor was not raised in fatal cases. An increase in 
both the von Willebrand factor and factor VIII 
might indicate a hypercoagulable state. In addition 
there is evidence that von Willebrand factor has an 
atherogenic action: Raised concentrations of von 
Willebrand factor might thus be a primary abnor- 
mality rather than a secondary response to the 
intimal injury of arterial lesions.>? In von Wille- 
brand’s disease platelets adhere to subendocardial 
structures,>* and adhering platelets are believed to 
release a growth factor capable of inducing extensive 
proliferation of smooth muscle cells.>? 

A hereditary deficiency of antithrombin is a rare 
cause of venous thrombosis, whereas both increased 
and decreased concentrations of antithrombin anti- 
gen have been reported in ischaemic heart disease.*° 
Low concentrations have been reported in the acute 
as well as in the recovery phase after myocardial in- 
farction and in patients with angina pectoris associ- 
ated with coronary atherosclerosis.*°*! In the 
present study normal concentrations of anti- 
thrombin were found in both male and female pa- 
tients by antigen and substrate methods. Only a few 
patients had low concentrations of antithrombin. 
The lowest antithrombin concentrations (chromo- 
genic peptide substrate method) and -ratios were 
seen in patients with triple vessel disease. 

It has been suggested that low antithrombin con- 
centrations in individuals with angina pectoris 
might reflect a slow ongoing intravascular coagu- 
lation with increased consumption of anti- 
thrombin.*° An alternative explanation would be 
that of increased consumption of antithrombin due 
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to insufficient natural protection of the athero- 
sclerotic coronary arterial intima against blood clott- 
ing. Lower pre-existing.concentrations contributing 
to a prethrombotic state cannot be ruled out. High 
concentrations of antithrombin, on the other hand, 
most likely represent a protective response, which 
may later be followed by low levels.’ 

The vessel wall content of tissue plasminogen 
activator, the.release of tissue -plasminogen activator 
from the endothelium, and the physiological in- 
hibitors of fibrinolysis are regarded as the main fac- 
tors regulating plasminogen activator capacity. Data 
from the present study suggest that the recently de- 
scribed rapid inhibitor of tissue plasminogen activa- 
tor is an important factor in the modulation of the 
fibrinolytic response. The low plasminogen activa- 
tor capacity found in young patients after infarction 
might thus primarily be due to high concentrations 
of this inhibitor. The additional contribution of 
impared tissue plasminogen activator release to the 
decreased plasminogen activator capacity, however, 
was not clarified by the present study, since tissue 
plasminogen activator antigen was not determined. 
High plasma concentrations of the fast inhibitor to 
tissue plasminogen activator were also found in 
patients investigated before coronary artery bypass 
operation.*? 

In female patients ,-antiplasmin and Cl in- 
hibitor concentrations were also consistently raised. 
The clinical implication of these modest increases is, 
however, not obvious. The findings of increased 
concentrations of a,-antiplasmin and prekallikrein 
in male patients were only expressions of a non- 
specific inflammatory response, as was increased kal- 
likrein inhibiting activity in female patients. 

Apart from predisposing patients to thrombosis, 
decreased fibrinolytic capacity could theoretically 
promote the development of premature athero-~ 
sclerosis. The similarity in the profile of changes in 
variables reflecting fibrinolysis in male patients with 
and those without definite coronary atheromatosis, 
as well as the considerably raised concentrations of 
the fast inhibitor of tissue plasminogen activator and 
the resultant low plasminogen activator activity in 
some patients with a normal coronary angiogram, 
however, are more indicative of a primary influence 
on the thrombotic element in myocardial infarction. 

Do the haemostatic disturbances we report reflect 
a non-specific acute phase response to tissue damage 
and acute stress or do they represent pathogenetic 
mechanisms involved in the development of coro- 
nary occlusion? Unexpectedly increased concen- 
trations of several well established acute phase 
reactants were found in patients as compared with 
random controls. Multivariate analysis that 
controlled for the influence. of a non-specific 
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inflammatory response showed that some haemo- 
static abnormalities were independent discriminants 
between patients and controls. Furthermore in most 
instances the haemostatic variables showed no or 


-only weak correlations with the. acute phase reac- 


tants. Thus, the results seem to remain valid even 
after a persisting non-specific acute phase response 
has been taken into account. 

The associations of some haemostatic factors with 
myocardial infarction and coronary atheromatosis in 
this cross sectional study do not necessarily imply 
causation. This has to be tested in prospective 
studies. The findings indicate, however, that risk 
factors other than the conventional ones might be of 
importance for the evolution of ischaemic heart 
disease. 


This study was supported by grants from the Swed- 
ish National Association against Heart and Chest 
Diseases, Karolinska Institutet and the Swedish 
Medical Research Council. 
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Post-infarction exercise testing in patients under 55 
years 


Relation between ischaemic abnormalities and the extent 
of coronary artery disease 


I PEART, L SETH, C ALBERS, O ODEMUYIWA, RJ C HALL 
From the Royal Victoria Infirmary, Newcastle upon Tyne 


SUMMARY Previous studies have suggested that the early post-infarction exercise test is useful in 
predicting the extent of coronary artery disease. The results of a heart rate limited exercise test 
three weeks after infarction and a symptom limited exercise test six weeks after infarction ob- 
tained by both standard 12 lead electrocardiograms and 16 lead precordial maps were compared 
in 100 consecutive survivors of acute myocardial infarction under 55 years of age. Exercise tests 
were defined as being positive on the basis of angina, ST segment depression 21 mm in any 
electrocardiogram lead, or exertional hypotension. Multivessel disease, that is two or three vessel 
disease, was present in 60 patients, and three vessel disease in 22 patients. The sensitivity, 
specificity, and predictive value for multivessel disease of the three week test were 38%, 83%, and 
76% respectively; and results for the six week test were 55%, 75%, and 77% respectively. Only 
32% of patients with three vessel disease were identified at the three week test, and 59% at the 
six week test. Significantly more patients with multivessel and three vessel disease were identified 
by the symptom limited six week test. Precordial mapping offered no advantages over the stan- 
dard 12 lead electrocardiogram in either the identification of patients with multivessel disease or 
the prediction of the distribution of coronary artery disease. Angina pectoris during the exercise 
test at six weeks was the single most useful predictor of multivessel disease. Multivessel disease 
was found in 27 (87%) of the 31 patients with angina with or without ST depression during the 
test at six weeks compared with 33 (48%) of the 69 patients who did not bave angina during the 
test at six weeks. 

Exercise testing in the early post-infarction period in patients under 55 years of age is of limited 
value in predicting the extent of coronary artery disease. It is, therefore, unreasonable to use such 
exercise tests to select patients for coronary arteriography after myocardial infarction. None the 
less angina pectoris occurring during a symptom limited exercise test six weeks after infarction is 
a strong predictor of multivessel disease, and coronary arteriography is recommended in these 
patients. 


The major determinants of long term outcome after management of survivors of myocardial infarction is 

acute myocardial infarction are age,’~* left ventric- the identification of those patients at increased risk 

ular function,’ * and, in patients without severe left of subsequent cardiac events. A non-invasive means 

ventricular impairment, the extent of underlying co- of predicting the extent of coronary artery disease 
ronary artery disease.*>*° An important aspect of the would therefore be useful. 

Treadmill exercise testing is safe in the early post- 

infarction period® and several studies have examined 

Requests for reprints to Dr R J C Hall, Royal Victoria Infirmary, jts value in the prediction of the extent of coronary 
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~ PROVEN 
MYOCARDIAL INFARCTION 


IN-HOSPITAL DEATHS EXCLUSIONS 
—— Unable to exercise G2] 
U other itineses [13] 
Administrativa [4E] 
STUDY.GROUP 
-—~ 90 males, 10 formales 
oie age 46 6 yr 


A 7 prenous infarction 
_ Fig,1 Study population. 


weeks of myocardial infarction, and significant num- 
‘bers of patients with two and three vessel disease had 
negative tests.°~'' Because Starling et al have 
shown that some patients develop ST depression at 
six weeks but not at three weeks after infarction,!? a 
later maximal exercise test may detect some of these 
patients. 

- -On the basis of results: from previous studies the 
early post-infarction exercise test is being recom- 
mended as -a filter for the selection-of patients for 
coronary arteriography! 1* and their subsequent re- 
ferral for early coronary artery surgery.” 15 Many of 
the studies upon which such recommendations are 
based have, however, included patients up to 65 or 
70 years of age.?? 1° It may not be appropriate to 
apply such data to the management of younger 
patients in whom prophylactic interventions such as 
-coronary artery surgery are more likely to be consid- 
ered. 

The main purpose of the present study was to 
evaluate the relation between exercise induced myo- 
cardial ischaemia early after myocardial infarction 
and the extent of coronary artery disease in a group 
of younger-patients. The study was prospective and 
of-a consecutive group of patients under 55 years 
who were admitted to the coronary care unit and 
survived acute myocardial infarction. The study 
design allowed us to assess the importance of the 
timing and intensity of exercise by comparing an 
early submaximal exercise test with a later maximal 
exercise test. We also examined the value of pre- 
cordial electrocardiographic mapping during exer- 
cise since Fox et al have demonstrated its ability to 
identify the presence of left main stem or proximal 
left anterior descending artery lesions.!7 


Patients and methods 


STUDY POPULATION 

The study population was drawn from a consecutive 

group of 184 patients with proven myocardial‘ in- 
. farction under 55: year’ of age and admitted to our 
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coronary care unit between October 1981 and Feb- 
ruary 1984 (Fig. 1). Acute myocardial infarction was 
diagnosed when a patient presented with a history of 
typical chest pain lasting at least 30 minutes with 
characteristic electrocardiographic changes, that is a 
sequential rise of ST segment, inversion of T waves, 
and appearance of new Q waves, or'a rise in either 
creatine phosphokinase, lactic dehydrogenase, or as- 
partate aminotransferase to at least twice-the upper 
limit of the normal range. Fourteen (7:6%) of the 
184 patients died in hospital after the acute event 
and 70 (41%) of the survivors were excluded from 
the study fer the reasons indicated in Fig. 1. Twelve 
patients were unable to exercise, nine for ortho- 
paedic or neurological reasons and three because of 
left ventricular failure. Thirteen patients had other 
serious, non-cardiac diseases which prevented them 
participating in the study: Of the 45 patients ex- 
cluded for administrative reasons, 22 patients 
refused to participate-in the study, six lived away 
from the area and had been on holiday when they 
had their acute infarction, and 17 patients were 
missed during the course of the study. The study 
group therefore consisted of 100 patients. 


EXERCISE. TEST 

All patients had a submaximal treadmill exercise test 
three weeks after infarction (mean 19-7 days, range 
17-24 days) and a maximal treadmill exercise test six 
weeks after infarction (mean 42-7 days, range 35—50 
days). A modified Bruce protocol was used for both 
tests. The submaximal three week test were termi- 
nated if (a) the patient developed limiting symptoms 
of chest pain, dyspnoea, or fatigue; (6) there was a 
sustained fall in systolic blood pressure of > 20 mm 
Hg from values attained earlier during exercise; (c) 
ventricular extrasystoles occurred in runs of three or 
more; (d) there was ST segment depression of > 4 
mm, or (¢)-a heart rate of 130 beats/minute was 
achieved in the absence of other end points. The end 
points for the maximal six week test were the same 
except that the heart rate limitation was not applied. 
There were no complications. 

All patients had both standard 12 lead electro- 
cardiograms and 16 lead precordial maps!® recorded 
at rest, at peak exercise, and at 1, 3, and 5 minutes 
after exercise. 


CORONARY ARTERIOGRAPHY 

Coronary arteriography and left ventricular angio- 
graphy were performed by the Judkins or Sones 
techniques in all patients a mean of three months 
after their acute myocardial infarction. The coro- 
nary arteries were viewed in multiple projections 
and left ventricular angiograms were recorded in 
both .30° right anterior oblique and either.60° left 
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Fig 2 Position of precordial map chest electrodes (from 

‘Fox et al’), For analysis of distribution of coronary artery 
disease the precordial map was dtvided into anterior, inferior, 
and lateral regions. 


anterior oblique or lateral projections. There were 
no complications. All’ arteriograms were reported 
independently by two observers (IP and RJ CH) 
without knowledge of the exercise test data. 


DEFINITIONS 
An exercise test was considered to be positive if (a) 
the patient developed angina pectoris; (6) there was 
horizontal or downsloping ST segment depression 
of 21mm lasting 0-08 s after the J point of the QRS 
complex in any of the standard leads or leads of the 
precordial map; or (c) there was an inadequate blood 
pressure response to exercise shown by an increase 
of <10 mm Hg in systolic blood pressure over the 
resting value or a sustained fall in systolic blood 
pressure of > 20 mm Hg from values attained earlier 
during exercise. : 

At coronary arteriography an important stenosis 
was defined as one in which there was a 250% re- 


duction in luminal diameter of a major coronary ar- 
tery in two orthogonal views. In other studies a 
reduction of 270% in luminal diameter was re- 
garded as being important (see Table 3). Stenoses in 
major diagonal or obtuse marginal (lateral 
circumflex) branches were considered to constitute 
left anterior descending or left circumflex artery dis- 
ease respectively. The term multivessel coronary 
artery disease refers to important disease in two or 
more major coronary arteries. 

For analysis and comparison of our results with 
those of Fox et al!’ we subdivided the 16 lead pre- 
cordial map into anterior, inferior, and lateral 
regions (Fig. 2). Their study demonstrated the asso- 
ciations (a) between ST segment depression in the 
first row ofthe precordial grid and the presence of 
important left main stem or proximal left anterior 
descending artery stenoses, (6) between ST depres- 
sion in the anterior or inferior regions and the pres- 
ence of important left anterior descending or right 
coronary artery stenoses respectively, and (c) be- 
tween ST depression in all three regions and the 
presence of important three vessel disease. 


STATISTICAL ANALYSIS 

We used the y? test for group comparisons. 
McNemar’s testi? was used to evaluate the differ- 
ence in exercise test results between three week and 
six week tests. The sensitivity, specificity, and pre- 
dictive values of a positive and negative test to detect 
the presence or absence of multivessel disease were 
determined. Sensitivity was defined as the. per- 
centage of patients with multivessel coronary artery 
disease who had a_ positive test. Specificity was 
defined as the percentage of patients without multi- 
vessel coronary artery disease who had a negative 
test. The positive predictive value was defined as the 
percentage of patients with a positive test who had 
multivessel coronary artery disease. The negative 
predictive value was defined as the percentage of pa- 
tients with a negative test who did not have multi- 
vessel coronary artery disease, that is those who had 
insignificant or single vessel disease. 


Results 


CLINICAL CHARACTERISTICS 

The mean age of the 100 patients in the study group 
was 46-6 years (range 32-54 years). There were 90 
men and 10 women. Seven patients had had a pre- 
vious myocardial infarction. The index infarction 
was anterior in 45 patients and inferior in 55 
patients. Only three patients were taking beta block- 
ers at the time of their three week exercise test and 
four patients at the time of their six week exercise 
test. No patient was taking digoxin. 
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Table 1 Exercise test responses at the three week and x 
week exercise tests dertved from both standard 12 lead 
electrocardiograms and 16 lead precordial maps 








3 weeks 6 weeks 
Positve test: 34 45 
Angina alone 12 19 
ST deépression alone 16 11 
Angina and ST depression 6 12 
Inadequate blood pressure and ST 0 3 
depression 
Negative test 66 55 
ANGIOGRAPHY 


Five patients were found to have no important coro- 
nary artery disease, 35 patients had important single 
vessel disease, 38 patients had two vessel disease, 
and 22 patients had three vessel disease. Multivessel 
coronary artery disease was present in 60 patients. 
Only two patients had an important left main stem 
lesion; in one of these the left main stem was 
occluded. Twenty five patients had important disease 
of the proximal left anterior descending artery (that 
is proximal to the origin of the first septal artery). Of 
the 55 patients with inferior infarction, 34 (62%) 
had multivessel disease while 26 (58%) of the 45 
patients with anterior infarction had multivessel dis- 
ease. This difference was not statistically significant. 
At the time of their exercise test six weeks after in- 
farction 38 patients gave a clinical history of angina 
on exertion. Multivessel disease was detected in 28 
(74%) of these patients compared with 32 (52%) of 
the 62 patients without clinical angina (p < 0-05). 


EXERCISE TEST 

Table 1 lists the exercise test responses in all pa- 
tients derived from data from both the standard 12 
electrocardiogram leads and the 16 lead precordial 
map. Only 25 (66%) of the 38 patients with a clinical 
history of angina six weeks after infarction devel- 
oped angina during their exercise test at six weeks. 
An additional six patients without clinical angina 
experienced angina duririg the exercise test at six 
weeks (Table 1). Angina during the exercise test at 
six weeks proved to be a useful predictor of multi- 
vessel coronary artery disease. Multivessel disease 
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was found in 27 (87%) of the 31 patients who had 
angina alone or angina with ST depression at the six 
week exercise test compared with 33 (48%) of the 69 
patients without angina at the six week exercise test. 
This difference is highly significant (p < 0-0005). Of 
the 19 patients with angina alone, 16 (84%) had 
multivessel disease and 8 (42%) of them had three 
vessel disease; and of the 12 patients with both an- 
gina and ST depression, 11 (92%) had multivessel 
disease, two (17%) having three vessel disease. Only 
four (36%) of the patients with ST depression alone 
had multivessel disease; and of the patients with an 
inadequate blood pressure response and ST depres- 
sion there was one each with single, two, and three 
vessel disease. 

Table 2 correlates the extent of coronary artery 
disease with the numbers of positive exercise tests at 
three weeks and six weeks after infarction. The 
results are presented separately for the 12 lead and 
16 lead systems. 


12 LEAD VERSUS 16 LEAD 
At neither the three week nor the six week exercise 
test was 16 lead precordial mapping significantly 
better than the standard 12 leads in identifying those 
patients with multivessel disease. No patient with 
three vessel disease was identified by electro- 
cardiographic mapping and not by the standard 
leads. Similarly no patient with a positive test on the 
standard 12 leads had a negative test on the pre- 
cordial map. The specificity of the 16 lead system 
was slightly less at both three and six weeks because 
additional patients with single vessel disease had ST 
depression on the precordial map but not the stan- 
dard 12 lead electrocardiogram on both occasions. 
The precordial map was subdivided into anterior, 
inferior, and lateral regions (Fig. 2) to examine the 
relation between exercise induced ST depression in 
leads distant from those affected during the acute 
infarction and the extent of coronary artery disease. 
For comparison the standard 12 leads were also 
grouped as anterior (V1-V5), inferior (II, ITI, and 
aVF) and lateral (I, aVL, and V6). From data 
obtained at the six week exercise test important dis- 
ease in the appropriate arteries (subtending electro- 


Table 2 Correlation between extent of coronary artery disease and the numbers of positive exercise tests analysed separately 
for standard 12 lead electrocardiogram and 16 lead precordial map 


3 week test 

12 leads 16 leads 
O/SVD (n= 40) 7 10 
2 VD (n=38) 16 17 
3 VD (n= 22) 7 7 
Total 30 34 





6 week test 

12 leads 16 leads 
10 12 

20 20 

13 13 

43 45 


O/SVD, no disease or single vessel disease; 2 VD, two vessel disease; 3 VD, three vessel disease. 


an 


Post-infarction exercise testing in patients under 55 years 71 


©) Two vessel disease © three vessel disease 
3week lest 3 week test 


+ 
12 
6 week test | 4 8 20, 6 week test AaS 
16 22 38 7° 15 


(pans) 
© Multrvessel disease 
3 week test ` 


is 14 [99 
4 23/27 


23 «37 | 60 
{p<0 05) 


Fig. 3 Comparison of the results of the three week and six 
week exercise tests in patients with two vessel disease (a), 
three vessel disease (b), and multivessel disease (c) using 
standard 12 lead data only. + , positive exercise test; — , 
negative exercise test. 


Peba 


6week test * 


cardiographic regions not affected by the acute 


infarction) was correctly predicted by precordial’ 


mapping in 17 (65%) of the 26 patients with ST 
depression and by standard electrocardiogram leads 
in 15 (58%). The differerice between the two lead 
systems is not significant. The remaining nine pa- 
tients (of the 26) with ST depression had either 
insignificant (two patients) or single vessel-(seven 
patients) coronary artery disease. There were 25 
patients with important proximal left anterior 
descending disease. In 10 patients the vessel was oc- 
cluded and in 15 patients the vessel was significantly 
narrowed. In nine (60%) of the 15 patients with nar- 
rowed vessels the index infarction was inferior and 
the precordial electrocardiogram leads had no Q 
waves or resting ST segment abnormalities. Only 
one (11%) of these nine patients developed, ST de- 
pression in the first row of the precordial grid. Only 
one of the two patients with ‘important left main 
stem disease presented with inferior infarction and 
he developed neither angina nor ST depression at 
either of the two exercise tests. The 16 lead pre- 
cordial map was not therefore useful in predicting 
the presence of left main stem or proximal left ante- 
rior descending artery disease. . 

Because the 16 lead precordial map did not iden- 
tify more patients, with multivessel disease than the 
12 standard leads, we ‘based the comparison between 
the 3 week and 6 week exercise tests on data obtained 
with the standard 12 leads only. 


THREE WEEKS VERSUS SIX WEEKS 
The sensitivity, specificity, and predictive value of a 


positive -submaximal exercise test 3 weeks after in- 


farction for patients with multivessel disease are 
38%, 83%, and 76% respectively. The predictive 
value for three vessel: disease is only 24%, with 15 


(68%) of patients with three vessel disease having a 


- negative exercise test. The negative predictive value 


of the three week test is 46%. 

The sensitivity, specificity, and predictive value of 
a positive maximal exercisė- test six weeks after in- 
farction for patients with multivessel disease are 
55%, 75%, and 77% respectively. The predictive 


.value for three vessel disease is only 30%, with nine 


(41%) of patients with three vessel disease having a 
negative exercise test. The negative predictive value 
of the six week test is 53%. 

Only 23 (38%) of the patients with multivessel 
disease were identified at the three week test com- 
pared with 33 (55%) at the six week test (p<0-05) 
(Fig. 3c). Significantly more patients with three ves- 


sel disease ‘were identified at the maximal six week 


test (p<0-05) (Fig. 3b). The difference was not 
significant for patients with two vessel disease (Fig. 
3a) i 


Discussion 


The extent of underlying coronary artery disease is 
one of the important determinants of long term 
prognosis in survivors of an acute myocardial in- 
farction.>~* Knowledge of its extent in individual 
patients would thus help greatly in the planning of 
long term management. 

Although coronary arteriography is safe and car- 
ries very little risk,?° its widespread use in all sur- 
vivors of acute myocardial infarction is impractical. 
Alternative, cheaper non-invasive.means of predict- 
ing the extent of coronary artery disease have there- 
fore been sought. These could be more widely 
applied -and used as a filter to select those patients 
who should . proceed to coronary arteriography. 
Treadmill exercise testing is now widely used in this 
context!’ and forms a routine part of post-infarct 
management in many centres. s 

Studies examining the ability of the early post- 
infarction exercise test to predict the extent of coro- 
nary artery disease- have produced ‘conflicting 
results’ 1° (Table 3). The sensitivity of exercise test- 
ing for identifying multivessel disease varies from 
56% to 96%, the specificity from 53% to 94%, and 
the predictive value of a positive test from’74% to 
98%. -Several factors might explain the differing 
results. Different populations have been 
investigated, the timing of the exercise tests has 
differed, different exercise protocols have been used, 
and the end points have differed,.some being heart 
rate limited®~!! and others symptom limited.’ ® The 
definition of an important coronary artery stenosis 
has also ‘differed. The values of an early submaximal 
and a later maximal exercise test in predicting the 
extent of coronary artery disease in the same group 
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Table3 Data from previously published studies compared uth those from the present study 





Author © Patient’s age (yr) (n) Previous MI 
Akhras et al” 1982 <55 (61) — 
Starling et al® 1981 32-68 (57) 19% 
Fuller et al? 1981 ase 25% 
Schwartz et al’? 1981 35—68 (48 25% 
Sullivan et al’! 1985 29-64 (62) ae 

y o 
Present study <55 (100) l 18 





MI, myocardial infarction; 3 VD, three vessel disease - 


of patients have not been compared before. 

> We chose to investigate patients under 55 -years 
because many centres still perform routine coronary 
arteriography on younger patients after myocardial 
infarction and also because prophylactic inter- 
ventions are more likely to be considered in this age 
group. . 


12 LEAD VERSUS 16 LEAD 
In their original study. using precordial mapping in a 
small group of patients Fox et al suggested that 16 
lead precordial mapping may’ show areas of is- 
chaemia inaccessible to the standard 12 leads. Af- 
ter infarction precordial mapping might aid 
identification of some of the appreciable number of 
patients: with multivessel coronary artery disease 
and a negative exercise test on the conventional elec- 
trocardiogram leads.°~ 1! The present study, how- 
ever, has shown that the 16 lead system offers ‘no 
advantages over the standard 12 leads in identifying 
these patients. We were also unable to confirm the 
findings of Fox et al of a correlation between ST 
segment changes within specific regions of the pre- 
cordial grid and the distribution of coronary ‘artery 
disease.’? Although Fox et al were able to identify 
all patients, in a group suffering from stable angina, 
with significant left main stem or proximal left ante- 
rior descending disease, most of our patients with 
such lesions did not have ST depression on exercise. 
The major reason for the differing results 
undoubtedly relates to the study populations 
investigated. Our patients had recently sustained an 
acute myocardial infarction and many (usually those 
with anterior infarcts) had electrocardiographic 
abnormalities at rest and developed ST segment 
elevation on exercise.-Parts of the precordial grid 
were therefore excluded from developing ST seg- 
ment depression during exercise. In addition the 
development of ST elevation on exercise may have 
prevented the development of ST depression in the 
reciprocal territory by generating an opposing force 

.to the ischaemic vector.?! 


Timing Exercise test 

Protocol End point 
2-3 wk Bruce Maxımal 
2 wk Naughton Maximal 
13 days Modified Bruce Submaximal 
18-22 days Modified Bruce Submaximal 
7-23 days Modified Naughton Submaximal 
3 wk Modified Bruce ubmaximal 
3 wk Modrfied Bruce Submaximal 
6 wk Modified Bruce Maximal 
6 wk Modified Bruce Maximal 


Since the 16 lead precordial map offers no advan- 
tages over the standard 12 leads the subsequent dis- 
cussion is based on results using the standard 12 
leads only. 


THREE WEEKS VERSUS SIX WEEKS 
We have demonstrated that a maximal exercise test 
six weeks after infarction is significantly better than 
a submaximal exercise test three weeks after infarc- 
tion in identifying patients with multivessel disease 
(Fig. 3c, p<0-05) and three vessel disease (Fig. 3b, 
p<0-05), but not two vessel disease (Fig. 3c, 
p=NS). No patient with three vessel disease had a 
positive exercise test at three weeks that became 
negative at six weeks (Fig. 3b). Neither exercise test 
was highly sensitive or specific when the data were 
analysed on the basis of a significant reduction in 
luminal diameter being 250% or > 70% (Table 3). 
Several factors may explain the differences in re- 
sults between this and previously published studies 
(Table 3). We studied consecutive patients who 
fulfilled no specific criteria except that they survived 
their acute myocardial infarction, agreed to par- 
ticipate in the study, and had no other serious non- 
cardiac disease. Others, however, have studied 
selected study populations. They have included con- 
secutive patients fulfilling specific criteria,!° 14 non- 
consecutive patients with symptoms or an abnormal 
haemodynamic response to exercise,® or survivors of 
an uncomplicated myocardial infarction.” ’? +6 The 
age of the subjects investigated may also be im- 
portant. Most previous studies, except that of 
Akhras et al,’ have included older patients in whom 
the frequency of both previous myocardial 
infarction? 1° (which has been associated with a 
higher prevalence of multivessel disease*) and mul- 
tivessel disease” è +° are higher (Table 3). The sensi- 
tivity of exercise testing might therefore be expected 
to be greater. Another important factor may be the 
exercise protocol used. Two previous studies have 
used a modified Bruce protocol to a submaximal end 
point at 2-3 weeks after infarction but in an older 
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Veenbrink et al'* and Roubin et al.?° 


ngtography Multrvessal disease Multwessel disease 3 VD with negative 
a aan ERED Eee eth negative tests tests 
anon Multvessel disease Sensitroity Specificity Predicteve valus 
% 74% 96% 94%, 98% 12% — 
3% 12% 88% 69% 88% 31% vm 
1% 50% 65% 90%, 87% 28% 29% 
1% 71% 56% 86%, 90% 55%, 40% 
% 69% 58% 83% 74% 64% ~~ 
% 60% 38% 83% 76% 54% 68% 
1% 48% 46% TT% 65% 39% 67% 
1% 60% 55% 75% 71%, 47% 41% 
1% 48% 65% 73% 69% 31% 33% 
group of patients.’ +° Their figures for sensitivity in CONCLUSIONS 
detecting multivessel disease were similar to those The present study demonstrates that early exercise 
obtained at the maximal six week exercise test in our testing after acute myocardial infarction in patients 
patients and similar numbers-of patients with nega- under 55 years is of limited value in predicting the 
tive exercise tests had maultivessel disease (Fable 3). extent of coronary artery disease. Precordial map- 
x It was difficult to understand the pronounced ping offers no advantages over the standard 12 elec- 
: differences in results between this study and that of trocardiogram leads in either the identification of 
Akhras et al in patients of a similar age.” The major patients with multivessel disease or in the prediction 
differences between the studies are the differing fre- of the distribution of coronary artery disease. The 
quency of multivessel disease, their use of symptom symptom limited six week exercise test has been 
limited exercise testing at 2-3 weeks after infarction, shown to identify significantly more patients with 
and their method of analysis which was based on ST either multivessel disease (p <0-05) or three vessel 
segment changes only. This latter point may have disease (p<0-05) than the earlier submaximal test. 
little bearing on the differing results since heart rate Many patients with coronary artery disease known 
limited and symptom limited exercise testing three to have an adverse effect on prognosis are, however, 
weeks after infarction have been shown to havea not identified, We therefore suggest that it is unrea- 
similar yield of ST segment depression”? although sonable to use early exercise testing as a guide to the 
this was in different groups of patients. Use of such selection of patients for coronary arteriography after 
a method of analysis in the present study would have acute myocardial infarction. 
resulted in much poorer figures for sensitivity and Angina pectoris either as a presenting symptom 
specifity. early after infarction or when it occurs during exer- 
The results of the present study once again stress cise testing (with or without ST segment depres- 
the importance of angina pectoris as a variable iden- sion) is a strong predictor of multivessel disease. 
aes tifying patients with multivessel disease.” Mulu- Because these patients may represent a high risk 
i vessel disease was found in 74% of patients witha group for subsequent cardiac events we recommend 
clinical history of angina six weeks after infarction, coronary arteriography in this group. 
confirming the findings of Alijarde er al,?> and in 
90% of patients with exercise induced angina at the I P was supported by the National Heart Research 
maximal six week exercise test. Fund and C A by Bayer Pharmaceuticals. 
As in previous studies®~ +! considerable numbers 
of patients with multivessel disease or three vessel References 
disease had negative exercise tests. In view of re- 
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their coronary artery disease would suggest. study. Or Feart 3 a3: : 
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Abnormalities of the peripheral circulation and 
respiratory function in patients with severe heart 
failure 


A J COWLEY, K STAINER, J M ROWLEY, J R HAMPTON 
From the Department of Medicine, Unsversity Hospital, Nottingham 


SUMMARY To investigate the peripheral circulatory and respiratory abnormalities which occur in 
patients with heart failure, forearm and calf blood flow were measured before and after upright 
exercise, and respiratory gas exchange was measured during exercise in 26 patients with severe 
heart failure. Compared with a group of normal subjects the patients had reduced limb blood flow 
at rest and the response of limb blood flow to upright exercise was also abnormal. The increase 
in calf blood flow after exercise and the reduction in blood flow in the non-exercising forearm were 
both smaller in patients than in controls. There was a significant correlation between the max- 
imum exercise duration of the patients and calf blood flow both after exercise and at rest. 
Compared with another group of control subjects the patients had a higher minute ventilation 
during exercise and a reduced oxygen consumption. The respiratory exchange ratio during 
exercise was also higher in patients than in controls. This suggests that there is early onset of 
anaerobic metabolism during exercise in patients with severe heart failure. 


Severe heart failure is characterised by abnormalities vasodilatation in skeletal muscle and so improve oxy- 
in the peripheral circulation. Both arterial and gen delivery to that muscle during exercise. 
venous vasoconstriction occur which ultimately may Limb blood flow can be measured by simple non- 
be detrimental to the performance of the failing myo- invasive techniques. Previous reports have suggested 
cardium. Attempts to correct these abnormalities that blood flow is reduced in the forearm, a vascular 
provide the pathophysiological basis for the use of bed consisting predominantly of skeletal muscle, in 
vasodilators in heart failure.! Monitoring of the cen- patients with severe heart failure.® In addition the 
tral haemodynamic effects of vasodilators indicates increase in blood flow in response to ischaemia and 
that many agents have beneficial effects on myo- isometric exercise is attenuated compared with that 
cardial performance.*~* There is now considerable in normal subjects.’ Little is known, however, about 
evidence, however, that short term changes in the effect of upright exercise on limb blood flow. To 
central haemodynamics in response to vasodilator investigate the response to upright exercise we have 
treatment do not correlate with symptomatic made simultaneous measurements of forearm and 
improvement as judged by changes in exercise calf blood flow before and after exercise in a group of 
tolerance.* £ We have previously shown that changes patients with severe heart failure. 
in the arteriolar tone of a vascular bed consisting Patients with heart failure have a reduced maximal 
predominantly of skeletal muscle correlate with oxygen consumption during exercise, and blood 
changes in exercise tolerance in response to vaso- lactate concentrations indicate that the onset of 
dilator treatment.’ This suggests that an important anaerobic metabolism in exercise occurs earlier than 
effect of vasodilator treatment is to cause arteriolar it does in normal subjects.’ +° This implies that oxy- 
gen consumption may be below normal during sub- 
maximal exercise. To investigate this possibility we 
Requests for reprints to Dr A J Cowley, Department of Medicine, ave measured oxygen uptake, respiratory exchange 


University Hospital, Nottingham NG7 2UH. ratio, and minute ventilation during exercise and 
have compared the results obtained with those from 
Accepted for publicanan 14 September 1985 a group of normal subjects. 
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~ Patients-and methods 


PATIENTS 

Twenty six patients aged 46—69 years were studied; 
24 were male. All were limited on exertion by fatigue 
or dyspnoea or both despite taking at least 80 mg of 
frusemide daily. Heart failure was due to ischaemic 
heart disease in 19 of the patients and to dilated 
cardiomyopathy in: the -remaining seven. All had 
been on stable treatment for at least four weeks 
before being studied and none was taking a vaso- 
dilator. 


EXERCISE TESTING 
At each visit the patients were exercised on a tread- 
mill to a symptom limited maximum. The speed and 
slope of the-treadmill was increased after three 
` “minutes at each of the following stages given as kph 
and slope in degrees; I, 2:7 and 0; II, 2-7 and 1-3; ITT, 
2:7 and 2:6; IV, 2:7 and 4-0; V, 4-0 and 5-6; VI, 5-4 
and 6:2; VII, 6'8 and 7-2. 

To overcome changes which may have occurred 
due to familiarisation with the exercise protocol and 
with the method used to measure respiratory gases 
each patient was exercised on consecutive weekly 
visits until their symptom limited exercise time at 
two consecutive visits did not increase by more than 
5%. This last exercise test was taken to represent the 
maximum exercise tolerance of the patient, and the 
measurements of limb blood flow and respiratory 
furiction made on thatoccasion were thoge that are 
used in this report. 


RESPIRATORY GAS ANALYSIS 

‘During each symptom-limited. exercise test oxygen 
uptake, respiratory exchange ratio, and ventilation 
were measured every minute with an online gas anal- 
yser (PK Morgan). 


MEASUREMENT OF LIMB BLOOD FLOW 

Initial measurements of limb blood flow were made 
before the symptom limited exercise test, and after 
this exercise test each patient was rested in a tem- 
perature controlled roóm (22—24°C) for one hours By 
this time limb blood flow had returned to pre- 
exercise values. Each patient then underwent a sec- 
ond, submaximal, exercise test. A submaximal test 
was used to determine the effects of exercise on limb 
blood flow for two reasons. First to enable us to 
measure the highest oxygen consumption of the 
patients during the symptom limited test, and sec- 
ond to eliminate movement artefacts from the 
recordings caused by the excessive ventilatory effort 
of maximal exercise. The duration of the sub- 
maximal test was determined -by the patients’ per- 
formance during the maximal test. Each patient was 
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asked to exercise to achieve a workload that in the 
symptom limited test required an oxygen con- 
sumption of 12 ml/kg/minute. If the patient failed to 
achieve this oxygen consumption during the symp- 
tom limited. test the submaximal test was terminated-- 
at the end of the exercise stage before the one in 
which they became symptom limited. This level of 
workload was chosen because it represented a mod- 
erate degree of exercise for most of the patients. and, 
experience had shown that it produced substantial 
changes in limb blood flow in normal controls. 

Simultaneous measurements of forearm and calf 
blood-flow were made in the right forearm and calf 
by venous occlusion plethyamography using 
mercury-in-silastic strain gauges.!! In brief, the 
technique consists of measuring the rate of change of 
limb volume, which is determined by limb blood 
flow, in response to intermittent venous occlusion. 
Limb blood flow was measured at rest and every 
minute from three to 13 minutes after submaximal 
exercise. The right arm was held loosely at the side 
during the submaximal exercise test. 


CONTROL SUBJECTS 

Two groups of normal subjects without signs or 
symptoms of cardiovascular disease were used as 
controls. All the subjects were male. The age range 
was similar in patients and controls. Eighteen 
subjects were exercised to the end of stage IV of the 
protocol .during which--measurements of oxygen: - 
consumption, respiratory exchange ratio, and 
ventilation were made. Seventeen subjects in a 
second group were exercised to establish a workload 
that ‘required an oxygen consumption of 12 
mi/kg/minute. After one hour’s rest forearm and calf 
blood flow measurements were made at rest and 3-13 
minutes after exercise to this workload. 


STATISTICAL ANALYSIS 

Analysis of variance for repeated measures was used 
to compare changes in limb flow between the 
patients and controls. We used ¢ tests to compare 
differences in respiratory function during exercise 
between the patients and the controls, during which 
the patient number varied. Comparison of calf blood 
flow with maximum exercise time was performed 
with Pearson’s moment correlation coefficient. 


Results 


The mean maximum exercise time for the group of 
patients was 10-47 minutes (range 1-2~17-5 minutes) 
and the mean highest oxygen consumption was 12:5 
ml/kg/minute (range 5:8-25-2 ml/kg/minute). 
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Fig. 1 Mean (SEM) values of minute ventilation at rest 
and during stages I~IV of the exercise protocol for patients 
and controls. *p<0-05, **p <0 005. 
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Fig.2 Mean (SEM) values of oxygen uptake at rest and 
during stages I-IV of the exercise protocol in patients and 
controls. *p<0-03, **p <0 02. 
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Fig. 3 Mean (SEM) values of respiratory exchange ratio 
at rest and during stages I-IV of the exercise protocol for 
patients and controls. **p <0 05. 
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Fig. 4 Mean (SEM) values of calf blood flow at rest and 
from 3-13 minutes after submaximal exercise for the 
patients and controls. p<0 001. 
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Fig. 5 Mean (SEM) values of forearm blood flow at rest 


and from 3-13 mmutes after submaxtmal exercise in 
patients and controls. p<0-001. 


MEASUREMENTS OF RESPIRATORY 
FUNCTION 
Fig. 1 shows the mean (SEM) values of minute ven- 
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tilation during exercise for the patients and controls. 
Twenty six patients had resting measurements 
made, 24 patients completed stage I of the exercise 
protocol, 20 completed stage II, 18 completed stage 
III, and 10 completed stage IV. The patients had 
higher values for minute ventilation both at rest and 
during exercise than the controls (p<0-05 at rest, 
p<0-005 at stage I, p<0-005 at stage II, p< 0-005 at 
stage, III, and p<0-05 at stage IV). 

Fig. 2 shows the effects of exercise on the mean 
(SEM) values of oxygen uptake in the patients and 
the control subjects. Oxygen consumption was not 
significantly different between the patients and the 
control subjects at rest. As exercise progressed there 
was the expected increase in oxygen consumption in 
both groups but the patients consistently showed a 
lower oxygen consumption than the control subjects 
(p<0-03 at stage I, p<0-02 at stage IT, p<0-03 at 
stage III, and p<0-03 at stage IV). 

Fig. 3 shows the values for respiratory exchange 
ratio for the patients and the control subjects. There 
was no difference between the groups at rest; how- 
ever, as exercise progressed the patients showed a 
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Fig. 6 (a) Relation between maxtrmon exercise time and maximum value of calf blood flow after submaximal exercise in 
patients. r=0 642, p<0 01. (b) Relation between maximum exercise time and resting calf blood flow in patients. r=0-526, 
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higher respiratory exchange ratio than the control 
subjects (p <0-05 at stage I and stage IV). 


MEASUREMENTS OF LIMB BLOOD FLOW 

The mean (SEM) oxygen consumption of the 
patients at the end of the submaximal exercise test 
was 11:6(+0-58) ml/kg/min. Fig. 4 shows the rest- 


`- _ ing and post-exercise values of calf blood flow for the 


patients and the control subjects. The mean (SEM) 
value of resting calf blood flow in the control] subjects 
was 2-98 (10-14) ml/dl/min, whereas in the patients 
it was 1-:32(+0-07) ml/100 ml/min. After sub- 
maximal exercise calf blood flow had increased in the 
control subjects to a peak of 5 07(+0-39) ml/100 
ml/min. Peak calf blood flow after exercise in the 
patients was 1-93(+0-17) mil/100 ml/min. The 
patients, therefore, not only had reduced calf blood 
flow at rest but also had an attenuated vasodilator 
response to similar degrees of exercise (p<0-001). 

Fig. 5 shows the effect of exercise on blood flow in 
the non-exercising forearm. The mean (SEM) rest- 
ing value for the control subjects was 2:98 (+0-12) 
mil/100 ml/min compared with a resting value for the 
patients of 1-51(+0-09) ml/100 ml/min. After exer- 
cise, forearm blood flow in the controls fell to 
2:35(+0-14) ml/100 ml/min three minutes after 
exercise. The corresponding value in the patients 
was 1:30 (+0:07) ml/100 ml/min. The reduction in 
blood flow in the forearm after exercise was therefore 
considerably smaller in the patients (p< 0-001). 

Fig. 6a shows the relation between maximum 
exercise time and the maximum value of calf blood 
flow achieved after submaximal exercise for each 
patient. There was a significant positive correlation 
between these variables, r= 0-642 (p <0-01). Resting 
values of calf blood flow and maximum exercise time 
were also positively correlated, r=0 526 (p<0-02, 
Fig. 6b). 


Discussion 


This study has shown that patients with severe heart 
failure who remain symptomatic despite diuretic 
treatment have abnormalities of limb blood flow and 
of respiratory gas exchange. Since one of the pre- 
dominant symptoms of patients with severe heart 
failure is dyspnoea it is not surprising that the 
patients had a higher minute ventilation, both at rest 
and during exercise, than the controls. 

The differences in oxygen consumption are, how- 
ever, more surprising. There was no difference in 
oxygen consumption between the patients and the 
controls at rest, but oxygen consumption was consis- 
tently lower in the patients during exercise. This 
observation does not accord with some published 
reports.!? 13 Franciosa et al have suggested that oxy- 
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gen consumption during submaximal exercise is the 
same in patients with heart failure as normal 
controls.!* Six of their patients, however, had a 
“normal” exercise capacity with a maximal oxygen 
consumption of greater than 20 mi/kg/minute, 
whereas only one of our patients had a maximal oxy- 
gen consumption as high as this. Furthermore the 
maximal oxygen consumption of many of their 
patients was greater than that in our patients. Simi- 
larly 12 of the patients studied by Patterson et al had 
a mean maximal oxygen consumption of 32-5 
ml/kg/min.!3 The inclusion of these patients in the 
comparison of oxygen consumption during sub- 
maximal exercise with normal controls may well 
have hidden a reduction in oxygen consumption in 
the patients with more severe heart failure. Wilson et 
al measured oxygen consumption during sub- 
maximal exercise in patients with varying degrees of 
heart failure and showed a non-significant trend 
towards a lower systemic oxygen consumption dur- 
ing submaximal exercise in patients with more severe 
heart failure.!* 

The higher respiratory exchange ratio for the 
patients during exercise is consistent with the lower 
oxygen consumption and indicates the early onset of 
anaerobic metabolism. 

The results described here are supported by stud- 
ies which evaluated the metabolic consequences of 
exercise in the limbs in patients with heart failure. 
Patients with severe heart failure have a lower oxy- 
gen consumption in the forearm than controls in 
response to submaximal exercise.!5 'f In addinon 
differences in the forearm skeletal muscle metabo- 
lism between patients and control subjects have been 
reported in a nuclear magnetic resonance study.” 
These data suggest that there is a reduction in oxy- 
gen consumption in skeletal muscle during sub- 
maximal exercise in patients with heart failure; this 
must be reflected in a reduction of systemic oxygen 
consumption, as we have demonstrated. 

The differences in limb blood flow between the 
patients and controls may explain the differences in 
oxygen consumption. Patients with heart failure are 
capable of a greater oxygen extraction than con- 
trols.1° This compensatory mechanism may, how- 
ever, be insufficient to prevent the early onset of 
anaerobic metabolism if blood flow to exercising 
muscle is severely reduced. This-study has demon- 
strated that both forearm and ‘calf blood flow are 
reduced at rest in patients with heart failure. 
Although the technique we used to measure limb 
blood flow does not permit us to make measurements 
during exercise, the changes that occurred after exer- 
cise allow us to make some assumptions about 
changes during exercise. The increase ın calf blood 
flow after exercise was considerably attenuated in the 
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patients compared with that in the controls and, 

- therefore, it is highly likely that calf blood flow, and 
hence oxygen delivery to the exercising skeletal mus- 
cle, was reduced during exercise. The changes in 
limb blood flow in the non~éxercising forearm indi- 

~ cate that. the resistance vessels in the forearm were 
near maximally-constricted at rest and were unable to 
constrict further during exercise to aid redis- 
tribution of blood to the exercising limb. 

The relation between resting and post-exercise 
calf blood flow and maximum exercise capacity of the 
patients indicates that limb blood flow is a major 
determinant of exercise tolerance in patients with 
severe heart failure. Since fatigue on exertion is also 
a major symptom of patients and is due to lactate 
accumulation in skeletal muscle and the associated 
intracellular acidosis,'* the extent of the reduction in 
blood flow would determine the onset of these 


~+» changes during exercise. Using different techniques 


others have also suggested that reduced limb blood 
flow is an important cause of the reduced exercise 
tolerance of patients with severe heart failure. '* 

The reduced -blood flow to exercising skeletal 
muscle would also account for the lack of immediate 
improvement in exercise tolerance in patients treated 
with vasodilators, despite immediate improvement 
in central haemodynamics. It has been shown that in 
the short term captopril improves central haemo- 
dynamics without affecting exercise time.© We and 
others have demonstrated that short term adminis- 

‘tration of captopril does not affect limb blood flow 
and it is only after more prolonged administration 
that limb blood flow improves.”!8 Thus the 
improvement in exercise time seems to be related 
more to the improved blood flow to skeletal muscle 

-than to central haemodynamic effects. 

Comparison of the changes in the peripheral cir- 
culation and respiratory gas exchange in patients 
with severe heart failure with those in normal 

-.subjects indicates some of the important patho- 
physiological changes that occur in patients with 
heart failure. The techniques used in this study are 
non-invasive and readily repeatable and may there- 
fore be used to assess the response of patients to 
treatment. 
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Diagnostic and surgical management of patients with 
aneurysms of the thoracic aorta with various causes 


Echocardiography and contrast enhanced computed 
tomography in prophylactic replacement of the 
ascending aorta 


L BRUNO, M PRANDI, P COLOMBI, L LA VECCHIA 


From the Monferrato Cardiological Centre, Milan and the Division of Cardiology and of Cardiac Surgery, 
“De Gasperis” Niguarda Ca’ Granda Hospital, Milan, Italy 


SUMMARY Sixty eight patients with aneurysms of the thoracic aorta were studied. Forty one had 
aortic dissection, 24 had dilatation only, and three had transverse aortic rupture. Sixteen had 
Marfan’s syndrome; 17 had hypertension; and in eight there were other causal factors. In 17 the 
cause of the aneurysm was unknown. Histological examination did not help to establish the cause _ 


- of aneurysm. Echocardiography failed to detect dissection of the ascending aorta in four (21%) 


out of 19 cases studied. 

The mortality rate in the whole series was 26%. Early (operative and hospital) and late deaths 
occurred in 20% and 6% of patients respectively. The early mortality rate was 40% in the 24 
emergency cases of dissection of the ascending aorta, 9% in patients operated on for dilatation of 
the ascending and transverse aorta without dissection, and 8% in patients with chronic dissection 
of the ascending aorta who had elective operation. Early and late mortality rates were no higher 
in patients with Marfan’s disease than.in any of the other groups. -> 

It is suggested that contrast enhanced computed tomography should be performed in all 
patients with pronounced aortic root dilatation and in patients with Marfan’s disease with symp- 
toms which suggest dissection, even if they have only slight aortic root dilatation. Preventive 
replacement of the ascending aorta-should be considered-in more patients to reduce the number 


* of emergency operations, in which the mortality.rate is high. There is no definite limit of aortic 


root dilatation above which preventive replacement of the ascending aorta should be routinely 
considered. 


Angiography and echocardiography have greatly with aortic aneurysm, together with the value of 

increased the accuracy of diagnosis of aneurysms of echocardiography and contrast enhanced computed 

the thoracic aorta. Surgery is now the preferred tomography in managing these patients. 

treatment for aneurysms, especially for those of the 

ascending aorta, New methods of investigation will Patients and methods 

improve knowledge of the anatomy of these lesions 

and may.lead to improvement in their management. We studied. 68 consecutive patients operated on 
We report the results of surgery in 68 patients between January 1979 and December 1982. There 

were 54 men, mean (SD) age 47-6 (13-3) years (range 

14-69) and 14 women, mean age 42-6(13-3) years 

(range 21—65); Twenty seven had acute symptoms 

and 41 had chronic symptoms which suggested aor- 
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SKELETAL AND OPHTHALMOLOGICAL 
EVALUATIONS 

Skeletal abnormalities were assessed by the meta- 
carpal index (normal values under 8-4) and the 
difference between height and arm span (normal val- 
ues <7-6 cm).! Patients with subluxation of the 
lenses and abnormalities of the anterior chamber 
angle were classified as probable (+ +) or possible 
(+) cases of Marfan’s syndrome.” 


CARDIOVASCULAR EVALUATION 
Echocardiography-—-M mode and cross sectional 
echocardiograms were recorded before operation in 
36 patients who were examined for the presence of 
the following conditions: aortic root dilatation by 
criteria suggested by Brown et al; aortic root dis- 
section, and mitral valve prolapse. Serial studies 
were possible preoperatively in 13 patients with 
chronic lesions of the aorta (with at least three exam- 
inations at intervals of six months) and in 10 of them 
contrast enhanced computed tomography was 
performed. Increases of more than 10% of the aortic 
root diameter measurement were regarded as im- 
portant. 


Angiography—Aortography and left ventricular 
angiography with selective coronary arteriography 
were performed in all patients with dilatation of the 
ascending aorta, and in those in whom dissection of 
the ascending aorta was suspected. Aortography 
alone was performed in patients with dissection of 
the descending aorta. We defined aortic dissections 
as type I, II, III, according to De Bakey’s 
classification. Severity of aortic valve and mitral 
valve regurgitation was assessed by angiography on 
a scale of 1 to 4. Grades 3 and 4 indicated severe 
regurgitation. Angiography was performed after 
operation in eight cases in which dissection extended 
from the ascending aorta into the arch and beyond 
(type I); in two with dissection only of the ascending 
aorta (type ID; and in three with dissection of the 
descending tract of the thoracic aorta (type III). 


Contrast enhanced computed tomography was per- 
formed before operation in 10 patients in whom 
dilatation of the ascending aorta had been diagnosed 
by echocardiography and after operation in 17 
patients (11 operated on for type I dissections, three 
for type II, two for type III, and one for rupture of 
the transverse aorta). Both angiography and contrast 
enhanced computed tomography were performed 
postoperatively in five patients, four of whom has 
been operated on for type I dissections. Contrast 
enhanced computed tomography was performed 
with a Siemens Somaton 2 at a scan speed of 3-5 
seconds after multiple rapid peripheral intravenous 
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injections cf 25-50 ml of Urografin (Schering) up to 
a maximum of 200 ml. 


SURGICAL TREATMENT 
In the absence of contraindications, medical treat- 
ment (antihypertensive and negative inotropic 
agents) was given in the first hours after admission to 
hospital ard during angiography in an attempt to 
stabilise the patient’s condition. An operation was 
considered immediately if medical treatment was 
contraindicated or when, despite medical treatment, 
there was rapid deterioration of the: patient’s hae- 
modynamic state or persistent pain suggestive of 
progressive dissection. 

For aneurysms of the ascending aorta and in type 
I and type II dissections-the tract.of.affected aorta 
was replaced through a median sternotomy by a low 
porosity Dacron graft with or without reim- 
plantation of the coronary arteries. In patients with 
severe aortic regurgitation and aneurysms or dis- 
sections, a composite graft with a valve prosthesis 
(Sorin) was used except ‘in three patients with 
dilatation of ascending aorta and severe aortic regur- 


gitation in whom a valve prosthesis and a vascular - - 


prosthesis were implanted. In cases of dissection the 
false channel was obliterated and the two layers 
affected by the dissecting process were cuffed prox- 
imally and distally with Teflon. 

The dilatations and dissections of the descending 
thoracic- aorta were approached through a pos- 
terolateral thoracotomy, with cannulation of the left 
femoral vein and artery for-partial bypass to perfuse 
the legs during cross clamping. 

For cerebral protection we used moderate hypo- 
thermia (25°C) during operations on aneurysms and 
type II and ITI dissections and profound hypother- 
mia (15°C) in type I dissections.* In profound hypo- 
thermia cooling and rewarming times increased with 
the patient's body surface area. A cardioplegic solu- 
tion was introduced directly into the coronary ostia 
and pericardial ice slush was used to produce local 
cardiac cocling. 

The sections of aorta removed at operation were 
examined to determine the severity of cystic.medial 
necrosis, elastin fragmentation, fibrosis, and 
medionecrosis, and compared with those of 30 nor- 
motensive subjects of similar age. ---~ 

Late follow up of survivors ranged from 24 
months to six years (mean 47 months), 


DEFINITIONS 

Patients were described as having Marfan’s syn- 
drome if they had typical abnormalities of at least 
two of the three organ systems evaluated; they were 
described as having formes frustes if, together with 
the aortic abnormalities, one only of-the two assess- 
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Table 1 Cknical diagnosis of the thoracic aortic lesions 
Male Female . Total, mean | 
patients panents (SD) age, and 

age range 
Or) 
No of patients- - 54 14 68 
Acute dissection 21 3 24 
i 4 7(12:1) 
‘ 19-65 
Chronic dissection 15 Er ~O 
54 3(9 8) 
: 27- 
Type I 20 4 24 
$ 45 1 (11-4) 
21—65 
Type IL 10 10 - 
- 52-3 (13-6) 
x 19-68 
Type III 6 1 7 
sf ; 56 0 (8 0) 
42-64 
Rupture of the transverse S 
aorta 1 2 3 
1440. 
Aneurysm without : ‘ 
dissection , 17 7 24 
45 7(13 0) 
29-69 
Aneurysm of the , à 
ascending aorta 13 - 2 . 15 
: : 44-7(12 7) 
29-65 
Aneurysm of the 
transverse aorta ' 2 5 7 
43-3 (12 6) 
; 29-62 
Aneurysm of the 
descending aorta 2 





ments for skeletal E ON was abnormal or both 
showed values at the upper limits, or if there were 
moderate alterations of the anterior ocular chamber 
angle. 

Patients were deemed to have hypertension if 
there was a history of drug treatment for diastolic 
hypertension or if their diastolic pressure was higher 
than 99 mm Hg.. ~ 

Trauma, aortic valve stenosis, aortic valve pros- 
thesis, bicuspid aortic valve, and coarctation of the 
aorta were regarded as other causal factors; but a 
possible association with Marfan’s syndrome, or 
hypertension was always considered.>~ 

When none of the conditions described above was 


present the aneurysm- was described as being of ` 


unknown cause, We subdivided patients into four 
groups on the basis of these definitions. 


Results x 
CARDIOVASCULAR EVALUATION 


Table 1 shows the clinical diagnoses of the 68 
patients, 


AETIOLOGICAL AND ANATOMICAL 
FINDINGS 

Lesions in patients with connective tissue disease 
Skeletal, ophthalmological, and cardiovascular 
examinations led to the diagnosis of connective tis- 
sue disease in 16 patients. Ten had typical Marfan’s 
syndrome and six had formes frustes of Marfan’s 
syndrome. Type I dissections were seen in five 
patients with typical features of Marfan’s sydrome 
and in three with formes frustes (Table 2). In four 
other cases with typical features and in two with for- 
mes frustes there was dilatation of the ascending 
aorta (Table 3); in one woman with formes fruste 
and history of a recent trauma, there was dilatation 
of the transverse aorta (case 44). Emergency oper- 
ations were performed in five subjects with type I 


-dissections and in one boy with rupture of the trans- 


verse aorta. All six had features typical of Marfan’s 
syndrome. In the boy with rupture of the transverse 
aorta, the metacarpal index was 9-1, there were ocu- 
lar abnormalities, and mitral valve prolapse (without 
dilatation of the aortic root) was present. Mitral 
valve prolapse was observed in three of the 16 
patients. They all had aortic dilatation, except the 
boy with rupture of the transverse aorta and the 
woman with dilatation of the transverse aorta. 


Lesions in patients with hypertension 

Aortic dissection was seen in 19 hypertensive 
patients; type I in eight, type IT in five, and type III 
in six (Table 2). Dilatation of the ascending aorta 
was seen in four patients, of the transverse aorta in 
one, and of the descending aorta in two (Table 3). 
Ten had emergency operations. 


Lesions mm patients with aneurysms and other causal 
factors . 

Traumatic rupture of the transverse aorta was seen 
in two women, one with diastolic hypertension; 
traumatic dilatation of the unruptured aorta was 
seen in two other women (cases 42 and 44), one of 
whom had an abnormal metacarpal index and a 
mitral valve prolapse (Table 3). A congenital bicus- 
pid aortic valve was seen in one man with type II 
chronic dissection and hypertension (case 28) and in 
one man with dilatation of the ascending aorta and 
Marfan’s syndrome (case 49). There was coarctation 
of the aorta in a boy with type II acute dissection 
(case 4) and in a woman with dilatation of the trans- 
verse aorta (case 45). In one man (case 37) with 
aortic valve stenosis and type II chronic dissection 
there was an abnormal height-arm span difference; 
in three other men who had had an aortic valve 
replaced, there were type I dissections in two (cases 
15 dnd 35) and dilatation of only the ascending aorta 
in one (case 51). 
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Table 2 Skeletal, ophthalmological, and cardiovascular examination tn patients with acute or chronic aortic dissection* 





Case Sex Age Evidence Heght-span Metacarpal Ocular Hypertension Trauma Echocardio~- Angiography Remarks 
No (yr) for difference index emdence graphy 








inheritance (cm) of Marfan’s 
of Marfan’s syndrome 
Acute dissection 
1F 33 No —2 8-4 + No No Dilatanon Type I Marfan’s syndrome 
2F 41 No Type I, MVP Unknown auel 
3P 47 No Dissection nknown ca 
4M 19 No Type II, SAR, Other causet 
on of 
the aorta 
5M 21 Yes —6 8-6 ++ No No Dissection Type I, SAR = Marfan's 
6M 30 No -76 87 No No No Type I, SAR ` Marfan’s syndrome 
7M 30 No -75 9-0 No No No Dissection Type I Marfan’s 
8M 40 No 3 79 No Yes No I arpei teamon 
9M 42 No -2 86 No No No eects nas , Type I, MVP *s syndrome 
10M 42 No Dilatanon Type I, SAR Unknown causet 
11M 42 Yes No Type I, SAR  Hypertensiont 
12 M -42 Yes No Type OF 
13 M ‘42 No ; -5 78 No No No Dissection Type I U cause 
14M 47 pai No Dissection Type I Unknown cause 
15M 47 No Type I, SAR Other causet 
aortic valve 
replacement 
16M 49 Yes No Type IT H; 
17M 50 ` Yes No Type I Hypertensiont 
i8 M 51 No —il No No No Type II, SAR U cause 
19M 55 No —65 79 No Yes No Dissection Type I Hypertension 
20M 56 No —6 78 No ` Yes No Dissection Type I Hypertension 
21M 59 Yes No Type II Hypertensiont 
22M 6l Yes No Dissection Type I Hypertension’ 
23M 62 Yes No Type UI I aioe 
2M 65 No Type I U; causet 
Chrome dissection: 
2 F 52 Yes No Type I Hypertennon 
26 F 62 No —2 72 No Yes No Type II Hypertension 
27M 27 No -8 11 No No No Dilatation Type 1, SAR = Marfan’s syndrome} 
28 M 46 No -5 T2 No “Yes No Type II, Hypertension 
bicuspid aortic 
valve 
29 M 46 No 1 8-8 No No No Dissection Type I ~ Marfan’s syndrome 
30M 47 No -75 8-8 No No No Dilatation Typel,SAR  Marfan’s syndrome 
31M 50 Yes No Type TI Hypertension 
32M 51 -1 79 No No Type I, SAR Unknown cause 
33 M 53 No 5 No Yes No Type HI Hypertension 
34M 56 No No Type II U: cause 
35 M 56 No No Dissection Type I Other causet 
aortic valve be 
replacement 
36M» 59 No —5-5 815 No ‘No No Type II Unknown cause 
37 59 No —8 785 No No No Type H Other cause 
stenosis of aortic 
ve 
3M 63 No —6 No Yes No Dissection Type I Hypertension 
39 M 6 Yes Type O1 Hypertensiont 
40M 65 Yes Type 11, SAR Hypertension 
41M 68 No ` No Yes No Dissection Type II Hypertension 
*Three cases, imcluding a boy with Marfan e syndrome; with rupture of the transverse aorta are not presented in the Table. 
Cases 1, 9, and 29 have formes frustes of ‘an’s syndrome 


Ocular evidence of Marfan’s syndrome ++ probable, + possible. 

`- tEarly (operative and hospital) death; flate death. 
MVP, mitral valve prolapse; SAR, severe aortic regurgitation (slight aornc regurgitation, if present, is not mentioned); dilatation, aortic root dilaranon; 
dissection, aortic dissection. 


Lesions in patients with aneurysms of unknown cause (Table 3). Mitral valve prolapse was observed in one 
Acute dissection of the ascending aorta was seen in woman at left ventricular angiography (case 2). 
seven patients and chronic dissection of the 

ascending aorta in- three (Table 2). There was HISTOLOGICAL FINDINGS 

dilatation of the ascending aorta in three cases and The severity of cystic medial necrosis (graded as 1 to 
dilatation of the transverse aorta in another three 4, according to the amount of basophilic ground 
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Table 3 Skeletal, ophthalmological, and cardiovascular evaluation in patients with aneurysm without dissection 


Case Sex Age Evidence 


No (yr) for difference 
L inheritance (cm) 
of Marfan’s 
syndrome 

42 F 29 

43 F 32 

44 F 36 No 2 
45 F 38 

46 F 39 

47 F 62 No —3 
48 F 65 

49M 29 Yes -6 
50 M 31 No —6 
51M 32 No 3 
52M 33 Yes -7:5 
5M 34 No 8 
54M 41 No -5 
5M 4l No —4 
56 M 42 

57 M 45 

58M 5l 

59 M 54 No -1 
6M 54 

61M 55 No 7 
62M 58 

63 M 63 No -7 
M 63 

6M 69 





Height-span Metacarpal 


index 


95 


Ocular 
evidence 

of Marfan’s 
syndrome 


Cases 44, 50, and 55 had formes frustes of Marfan’s syndrome. 


Ocular evidence of Marfan’s syndrome: + + probable. 


tEarly (operative and hospital) death; {late death. 


Dilatation, aortic root dilatation; MVP, mitral valve prolapse; 


aneurysm; SAR, severe aortic regurgitation. 


Hypertension Trauma Echocardio- Angiography Remarks 
graphy 

Yes TAA Other cause 

No TAA Unknown cause 
No Yes MVP TAA, MVP Marfan’s syndro 

and traumas 
No No TAA, coarcta- Other cause] 
tion of aorta 
No No TAA Unknown cause 
Yes No TAA Hypertension 
Yes No AAA, SAR Hypertensiont 
No No Dilatation AAA, SAR. Marfan’s syndrome 
bicuspid valve 
No No Dilatation AAA, SAR Marfan's syndrome 
No No Dilatation AAA, SAR Other cause aorti 
valve replacemen 

No No Dilatation AAA, SAR Marfan’s syndrome 
No No Dilatation AAA, SAR Marfan's syndrome 
No No Dilatation AAA, SAR Marfan’s s 
No No Dilatation AAA, SAR Marfan’s s 

No Dilatation AAA, SAR Unknown cause} 
Yes No Dissection AAA, SAR Hypertension 
No Yes Dilatation AAA Other cause 
Yes No Dilatation DAA, AAA Hypertensior 
Yes No Dilatation AAA Hypertensior 
No No TAA Unknown cause 
No No Dilatation AAA Unknown causet 
No No Dilatation AAA, SAR Unknown cause 
Yes No Dilatation AAA Hypertensior 
Yes No DAA Hypertension 


substance and fragmentation of the elastic tissue) 
were not 
significantly different in patients with aneurysm of 
unknown cause and in 30 normotensive subjects of 
similar age. There was no difference between 
patients with aneurysm and hypertension and the 


and 


group of controls. 


the other histological 


findings 


The degree of cystic medial necrosis in Marfan’s 
syndrome was very variable and, in some cases, his- 
tological lesions were minimal. 


ECHOCARDIOGRAPHIC FINDINGS 


Echocardiography was performed in 19 consecutive 
patients in whom ascending aortic dissections was 
diagnosed by angiography (Table 2). Cross sectional 
echocardiography detected aortic root dissection in 
15 patients and M mode echocardiography detected 
dissection in nine. In four patients M mode and 
cross sectional echocardiography did not show aortic 
root dissection (Fig. 1). Echocardiography was also 
performed in 16 patients in whom aneurysms with- 
out dissection (Table 3) were diagnosed by angio- 
graphy. In 14 of these, dilatation of the aortic root 
was detected (Fig. 2) and in nine there were signs of 
aortic root dilatation together with aortic valve 















AAA, ascending aortic aneurysm; TAA, transverse aortic aneurysm; DAA, descending a 


regurgitation. In one patient (case 59), in whom aor 
tic root diameter was moderately dilated, angio 
graphy showed a large aneurysm of the thoracic 
descending aorta that had been undetected by cross 
sectional echocardiography. In a woman with angio 





Fig. 1 


Contrast enhanced computed tomograph in case 30, 
showing type I aortic dissection. This lesion was not detected 
by echocardiography. AAo, ascending aorta; DAo, 

descending aorta, 
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Fig. 2 


A contrast enhanced computed tomograph in case 60 
confirming the results of an echocardiogram which showed 
severe aneurysm of ascending aorta and excluded dissection, 
Aortic calcifications are evident. Ao, aorta. 


graphic evidence of dilatation of the transverse aorta 
(case 44), echocardiography showed mitral valve 
prolapse but not the aortic dilatation. In a patient 
(case 57) dissection of the transverse aorta was incor- 
rectly diagnosed (Fig. 3); however, in this subject 
ascending aortic aneurysm and aortic valve regur- 
gitation were recognised by echocardiography. 

In all patients aortic dilatation appeared to be 
symmetrical at M mode echocardiography and the 
precise location and extent of the aneurysm could 
not be detected. Identification of the aortic sinuses 
by cross sectional echocardiography enabled us to 
discern the site of the aneurysm or at least its start- 
ing point. We saw symmetrical dilatation beginning 
in the aortic sinus area in patients with Marfan’s 
syndrome; this was distinct from the asymmetrical 
dilatation (often with saccular distortion) that was 
caused by other factors. 

The diameter of the aortic root ranged between 50 
and 86 mm by cross sectional echocardiography and 
measurements were slightly greater than those 
found at M mode echocardiography. 

Echocardiography was performed only in one of 
the three cases with rupture of the transverse aorta. 
In this case—a boy with Marfan’s syndrome—the 
rupture was not recognised. 

Preoperative serial studies showed an important 
increase in aortic root diameter in 11 of the 13 cases. 
In the remaining two cases, in which contrast 
enhanced computed tomography diagnosed dis- 
section, echocardiography did not show dissection 
or any increase of the aortic root dilatation. 





Bruno, Prandi, Colombi, La Vecchia 
SURGERY 
The operative and hospital mortality rate in patients 
with dissection from all causes was 29°,,, and late 
mortality was 5°, (Table 4). The hospital mortality 
rate in patients with aortic dilatation without dis- 
section was 8°,,; in those with ascending and trans- 
verse aortic dilatation it was 9°,,, and late mortality 
was also 9°, in this group (Table 5). 

Among patients with acute dissection, there were 
10 (41°,,) operative and hospital deaths and one late 
death. Among patients with dissection who had elec- 
tive surgery there were two (12%) hospital deaths 
(one (8%) in 12 cases of chronic ascending aortic 
dissection) and one late death at reoperation three 
months after the first operation. Among the three 
cases of rupture of the transverse aorta there were no 
hospital or late deaths. 

There were six (31%) deaths among 19 patients 
with severe aortic regurgitation and aneurysms (8) 
or dissection (11) who were given a composite graft 
with a valve prosthesis and had reimplantation of the 
coronary arteries. 

One of the three patients with aneurysms of the 
ascending aorta and severe aortic regurgitation (in 
whom a valve prosthesis and a vascular prosthesis 
were implanted) died in hospital (case 48). In 
patients with Marfan’s syndrome and type I dis- 
section there were no hospital deaths and one late 
death (Table 4). All seven patients with aortic 
dilatation without dissection survived (Table 5). In 
subjects with hypertension, there were six (31°,) 
operative or hospital deaths, three in patients with 
type I dissections, one in a patient with type II dis- 
section, and two in patients with type III dissection 
(Table 4). One hypertensive patient with dilatation 
of the ascending aorta without dissection died in 





Fig. 3 An echocardiogram in case 57 suggesting the 
presence of dissection of transverse aorta. Dissection was 
excluded at angiography and at surgery, Arrow indicates the 
line responsible for the misinterpretation. Ao, aorta. 
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Table 4 Surgical results in cases of acute and chronic dissections according to cause 


re a aaan 


No of patients 
24 


5 
10 


= 
ONON 


n 
DNEM 


Type I dissection (acute and chronic): 
Connective tissue disease 
Hypertennon 
Other cause 
Unknown cause 


z= 
© 


Type H dissection (acute and chrontc): 
ve tissue disease 
Hypertension 
Other cause 
Unknown cause 


TI dissection cmon lanei and chronic): 
nnective tissue disease 
Hypertension 
Orther cause 
Unknown cause 


A N VUNNA 


Operative deaths 


= DVN u 


Late deaths 
1 


Hospital deaths 
5 
3 


1 (at 4 months) 
2 


1 
1 (at 3 months)* 


mN 





*This patient required reoperanon. 


hospital. There were no late deaths in patients with 
hyertension (Table 5). 

Among patients with aneurysms with other causes 
and with dissection of the ascending aorta there were 
two operative deaths and one late death (Table 4). In 
patients in this group with dilatation and without 
dissection there was one late death (Table 5). In the 
group with aneurysms of unknown cause there were 
four (40%) hospital deaths, all in patients with type 
I dissection (Table 4); in the six cases with dilatation 
without dissection there was one hospital death and 
one late death (Table 5). 


FOLLOW UP AND CAUSE OF DEATH 

In the patients with aortic dissections the causes of 
hospital deaths were bleeding in six, septicaemia 
with renal failure in three, mediastinitis in one, and 
cerebral ischaemia with progressive stage IV coma 
due to recurrent dissection of the aortic arch in one. 
Bleeding and septicaemia caused two late deaths. In 
patients with aortic dilatation only, hospital deaths 
were the result of mediastinitis in one and low car- 
diac output in the other. There were two late deaths, 
one in a patient who died suddenly, presumably 


f from arrhythmia, and the other from bleeding. 


Table5 Surgical results in cases of dilatation without dissection according to cause 








Aneurysms of transverse aorta’ 
Connective tissue disease 
Hypertension 
Other cause 
Unknown cause 


al atone of descending aorta. 
Connecuve tssue disease 
Hypertension 
Other cause 
Unknown cause 


Operative deaths 


KERERE veda 


Late deaths 


1 (at 3 months) 
1 


1 (at 10 months) 
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Table6 Postoperative angiography and contrast enhanced computed tomography results in 24 of 35 survwors at operation 

Jor dissection 5 

Dissecnon No of patients Angiography Contrast enhanced computed tomography 
Normal Dustal dissection Normal Distal dissection 

Type I 19 4 7 

Type II 9 1 2 1 

Type III 7 2 





Both angiography and contrast enhanced computed tomography were performed in five patients, four of whom had type I dissecnon. 


In patients undergoing postoperative angiography 
and contrast enhanced computed tomography or 
both (Table 6) distal dissections were common 
(16/24, 66%). In the five patients in whom both 
angiography and contrast enhanced computed 
tomography were performed the diagnoses by the 
two methods were the same (four had type I and one 
had type II dissections). 

Reoperation was necessary in three patients, two 
for bleeding and one for abdominal ischaemia 
resulting from compression of the true lumen by the 
false one. One patient with Marfan’s syndrome and 
type I dissection (case 27) who had reoperation for 
bleeding and distal dissection after three months 
died of persistent bleeding and cardiac tamponade; 
the patient with hypertension and type I dissection 
(case 38) who had reoperation for abdominal 
ischaemia one year later is alive and symptom free; 
the patient with a formes fruste of Marfan’s syn- 
drome and dilatation of the transverse aorta (case 44) 
who had reoperation for bleeding two days later is 
also alive and symptom free. 

No case of paraplegia—which is a frequent com- 
plication of operating on descending thoracic aortic 
aneurysms—-was observed in the present series. 
This absence of neurological sequelae underscores 
the safety and usefulness of the femoral vein-femoral 
artery bypass in treating descending thoracic 
aneurysms. 


Discussion 


CAUSE AND TYPE OF AORTIC LESION 

In this series men outnumbered women whatever 
the cause of the aneurysms; patients with acute aor- 
tic dissections were younger than those with chronic 
aortic dissection, and patients with Marfan’s syn- 
drome and type I dissections were younger than 
patients with hypertension and type III dissections. 
Eight patients with type I dissections, seven with 
dilatation only, and one with rupture of an undilated 
transverse aorta, were deemed to have connective 
tissue disease. It is likely that the number of such 
patients would have been greater if more skeletal and 
ophthalmological examinations had been performed 
or if less restrictive criteria had been followed. No 


patient with Marfan’s syndrome had type III dis- 
section or dilatation of only the descending aorta. All 
eight patients with type III dissection (six cases) and 
dilatation of the descending aorta (two cases) had 
hypertension. 


HISTOLOGICAL BXAMINATION 
We expected that histological examination would be 
helpful in reaching a diagnosis in patients with 
aneurysms of unknown cause. In fact, it was of no 
help. On the basis of our results, and according to 
those reported by others (a) cystic medial necrosis 
(pooling of mucoid material); (6) elastin fragmen- 
tation (disruption of elastin lamellae); (c) fibrosis 
(increase in collagen at the expense of smooth mus- 
cle cells); and (d) medionecrosis (areas with apparent 
loss of nuclei) increase progressively with age inde- 
pendently of the presence of arterial hypertension.® ° 
The variability of the degree of cystic medial 
necrosis in Marfan’s syndrome accords with reports 
of minimal histological lesions in patients with Mar- 
fan’s syndrome and aortic dissection.'° Thus diag- 
nosis of Marfan’s syndrome can only be based on a 
thorough clinical examination to detect skeletal, 
ocular, and cardiac manifestations. 


SURGERY 

The mortality rate in the whole series was 26%. 
Early (operative and hospital) and late deaths 
occurred in 20% and in 6% of patients respectively. 
Early deaths occurred in 40% of acute cases of 
ascending aortic dissection, in 9% of patients oper- 
ated on for dilatation of ascending and transverse 
aorta without dissection, and in 8% of patients with 
chronic dissection of the ascending aorta who had 
elective surgery. 

Our results with surgery of acute ascending aortic 
dissection in 15 of 22 patients in whom medical 
treatment was contraindicated compare favourably 
with the mortality rate in untreated patients.'! '? 
There was one early postoperative death among 
seven patients with dissection of the ascending aorta 
in whom medical treatment had produced sta- 
bilisation of the clinical state. Our operative mor- 
tality in these cases compares favourably with the 
mortality rate in patients treated medically.!!~ +4 
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Table 7 Contrast enhanced computed tomography (CT) and angiography in 10 patients with echocardiographic diagnosis of 








dilatation of the ascending aorta 

Case No Echocardiography* CT scan* Angiography 

27 Dilatation Dissection Type I dissection, SAR 
30 ~ Dilatation Dissection Type I dissection, SAR 
50 Dilaration i mm) Dilatation (88 mm) AAA, SAR 

52 Dilatation (68 mm) Dilatation (70 mm AAA, SAR 

53 Dilatation (57 mm) Dilatation (62 mm AAA, SAR 

54 Dilatation a mm) Dilatation (53 mm AAA, SAR 

55 Dilatation (60 mm Dilatation (64 mm. AAA, SAR 

56 Dilatation (50 mm. Dilatation (55 mm) AAA, SAR 

60 Dilatauon (58 mm Dilatation (62 mm) AAA 

64 Dilatation (67 mm) Dilatation (74 mm) AAA 


*Numbers m ‘parentheses are gortic root diameter measurements 


Dilatation, gortic root dilatation; dissection, aortic root dissection; AAA, ascending aortic aneurysm; SAR, severe aortic regurgitation. 


The chronic dissections of the ascending aorta of 
our series were asymptomatic (60%) or at-a rela- 
tively stable stage (onset of symptoms 20 days or 
longer before diagnosis and medical treatment). Our 
early and late postoperative mortality rate was lower 
than that in medically treated patients.'* 

Dissections of the descending aorta in our series 
were associated with a mortality rate of 29%. This 
rate is below that observed by Dalen et al'5 and sim- 
ilar to that reported by Miller et al!® in medically 
treated patients. In the 22 patients with dilatation of 
the ascending and transverse aorta there were two 
early and two late deaths. The early and late mor- 
tality rates in this group of patients are lower than 
that in untreated patients.!7 18 

The mortality rate in patients with connective tis- 
sue disease who were operated on for dissection or 
dilatation of the ascending aorta was no higher than 
the rate in other causal groups; these results are not 
affected by the inclusion in the group with con- 
nective tissue disease of patients aged <40 years in 
whom the aetiology of aneurysms was described as 
“unknown” or “other”. Thus the risks of operation 
in patients with Marfan’s syndrome do not seem to 
be increased and their postoperative prognosis in the 
. midterm does not appear to be particularly poor. 
The implication of this clinical observation is 
limited by the fairly small numbers of patients we 
studied. 


ECHOCARDIOGRAPHY AND CONTRAST 

ENHANCED COMPUTED TOMOGRAPHY 

Echocardiography is the most commonly used non- 
invasive test for detecting aneurysms of the 
ascending aorta and serial echocardiographic evalu- 
ation is the most practicable method of following up 
these lesions. Accurate estimation of aortic root 
dilatation by M mode echocardiography, however, 
’ is difficult.!® Dilatation 1s often more evident and 
more pronounced several centimetres above the 


valve plane.?° The lack of correlation between aortic 
root dilatation and echocardiographic or auscul- 
tatory signs of aortic regurgitation may be explained 
by the difficulty of defining where dilatation starts, 
especially when it is eccentric, and whether the aor- 
tic valve is affected.24 Cross sectional echo- 
cardiography is better than M mode echo- 
cardiography for the non-invasive location of 
aneurysms of the ascending aorta and for deter- 
mining their extent., The addition of contrast 
enhanced computed tomography to the diagnostic 
procedure improved the accuracy of investigation of 
these lesions in some cases. Preoperative serial 
echocardiography was not performed in follow up of 
cases with chronic aortic dissection because 
dissection requires immediate operation even in 
symptom free patients. Serial echocardiography had 
been performed before operation in a follow up of 13 
patients in whom aortic root dilatation without 
dissection had been diagnosed and ten of these also 
had contrast enhanced computed tomography (Table 
7). Contrast enhanced computed tomography was 
required to confirm the echocardiographic diagnosis 
when the increased aortic root measurement indi- 
cated important progression of disease and in all 
patients with pronounced aortic root dilatation. In 
two patients with severe aortic root dilatation (cases 
27 and 30) dissection of the ascending aorta was rec- 
ognised (Fig. 1), In the others echocardiographic 
diagnoses were confirmed and dissections excluded 
(Fig. 2). The same diagnoses were reached by 
contrast enhanced computed tomography and 
angiography. 

In our series cross sectional echocardiography did 
not detect aortic root dissection in four (21%) out of 
19 patients. Because chronic dissection may be 
missed by echocardiography, we propose that con- 
trast enhanced computed tomography should be 
performed in patients with aneurysms in whom 
echocardiography has not been technically satis- 
factory, in all patients with pronounced aortic root 
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dilatation or an important increase in dilatation, and 
in patients with connective tissue disease and symp- 
toms that suggest dissection in the absence of sup- 
porting evidence, even those who have only minimal 
aortic root dilatation. Dissection has been reported 
in patients with Marfan’s syndrome without 
dilatation of the aortic root. 1° 

Postoperatively contrast enhanced computed 
tomography was used as an outpatient test for evalu- 
ating surgical results and for following up distal 
postoperative dissections. The results of contrast 
enhanced computed tomography indicated that 
reoperation should be performed in one case (case 
38). 

Non-invasive assessment techniques may be of 
value in identifying patients in whom preventive 
replacement of the ascending aorta might avoid 
emergency operation which increases surgical mor- 
tality. Donaldson et al believe that preventive 
replacement of the ascending aorta is indicated in 
symptom free patients with Marfan’s syndrome and 
a large (diameter determined by M mode echo- 
cardiography > 60 mm) progressively dilating aortic 
root or dilated left ventricle (end systolic dimension 
greater than 55 mm in cases of aortic regur- 
gitation).2? McDonald er al believe that preventive 
replacement of the ascending aorta should be per- 
formed when the aortic root diameter determined by 
M mode echocardiography is > 55 mm.?? When the 
aortic root is 55-60 mm m diameter and the plane of 
the aortic valve is affected, however, there is almost 
always severe aortic valve regurgitation which in 
itself requires replacement of the ascending aorta. 
Furthermore, there may be severe aortic valve 
regurgitation when echocardiographic measurement 
indicates an aortic root diameter of <55 mm (Table 
7). Symptom free patients in whom the aortic root is 
dilated to > 55 mm without affecting the aortic valve 
plane and without progressive dilatation of the aortic 
root do not require preventive replacement of the 
ascending aorta. In some patients it is difficult to 
demonstrate a progressive slow dilatation of the 
aorta by echocardiography alone. When the aortic 
root is less than 55 mm in diameter but echo- 
cardiography and contrast enhanced computed 
tomography or both have demonstrated a recent 
rapid progression of dilatation, especially when the 
aortic valve is affected, prophylactic replacement of 
the ascending aorta should be considered. 

There seems to be no defined limit to aortic root 
dilatation above which replacement of the ascending 
aorta should be routinely considered. Even in symp- 
tom free patients severe aortic valve regurgitation, 
the presence of dissection, and the demonstration of 
rapid dilatation of the aortic root are indications for 
replacement of the ascending aorta. 
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Negative right ventricular diastolic pressure after 
operation for pulmonary valve stenosis: the 
phenomenon and its relation to volume load and 


conal contraction 


REPHAEL MOHR, ARAM SMOLINSKY, ZVI ZISKIND, HOA TRAN QUANG, 


DANIEL A GOOR 


From the Department of Cardiac Surgery, Chaim Sheba Medical Centre, Tel Hashomer, Israel 


SUMMARY The phenomenon of negative right ventricular diastolic pressure immediately after 
operation for relief of isolated pulmonary valve stenosis was investigated in 11 patients. Pressures 
in the right ventricle and pulmonary artery were measured with a catheter tip micromanometer. 
One patient had a negative right ventricular diastolic pressure before operation. At the end of 
operation right ventricular diastolic pressure was negative in all 11 patients. The greater the right 
ventricular hypertrophy, the lower were these diastolic pressures. Negative right ventricular 
diastolic pressure is thus common in patients after pulmonary valvotomy, but fluid adminis- 
tration may eliminate it. Negative right ventricular diastolic pressure may be the result of 
hypercontraction and reduced volume of the hypertrophied right ventricle after relief of right 


ventricular outflow tract obstruction. 


Negative diastolic pressure mostly in the left ven- 
tricle has been demonstrated in animal and in 
human experiments,! ~* as well as in conditions such 
as mitral stenosis*° or after rapid exsanguination.7® 

Sabbah and Stein among others showed that 
negative diastolic pressures can also be demon- 
strated in the right ventricle.?!° Diastolic pressure 
in the right ventricle of a patient with pulmonary 
stenosis may be normal or raised when severe 
obstruction or right ventricular failure is present.!! 
Our incidental observation that negative right ven- 
tricular diastolic pressure was common after pul- 
monary valvotomy!? prompted us to more detailed 
study of right ventricular pressure after pulmonary 
valve operation. 


Patients and methods 
Eleven patients (aged 2-58, median 14-7 years) 
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undergoing elective operation for isolated pul- 
monary valve stenosis were studied prospectively. 
Table 1 shows their preoperative clinical character- 
istics and right ventricular catheterisation data. Pre- 
operative symptoms included cyanosis in three, 
finger clubbing in three, effort dyspnoea in three, 
and congestive heart failure in two. Three of the 
patients were symptom free. Right ventricular 
hypertrophy was noted in 10 patients. 

Mean right ventricular systolic pressure was 107-5 
(52:5)mmHg (range 46-240). Preoperative right 
ventricular diastolic pressure ranged from —2 to 
25mmHg (mean 11:36 (8-5)mm Hg). Only one 
patient had negative diastolic pressure before oper- 
ation. Three of the patients had appreciable conal 
contraction on preoperative angiograms, but all 
three showed relaxation of the right ventricular 
outflow tract during diastole. All operations were 
performed by means of an open heart technique. 
Dome shaped valves were treated by sharp commis- 
surotomy up to the valve ring. Four patients who 
had dysplastic valves underwent partial or complete 
excision of the valve (valvectomy). A transannular 
patch was used in a patient with a dysplastic valve 
and small pulmonary annulus. Infundibular 


92 





Negatwe right ventricular diastolic pressure after operation for pulmonary valve stenosis 93 


resection was used in one patient with infundibular 
muscular hypertrophy and important obstruction of 
the right ventricular outflow tract. In three patients 
who had either associated atrial septal defect or 
patent foramen ovale had it closed. We measured 
pressures in the right ventricle and pulmonary 
artery with a catheter tip micromanometer (Millar 
Instruments) immediately after discontinuation of 
cardiopulmonary bypass. The frequency response of 
the pressure sensor was almost flat (+2%) at 5kHz. 
The zero baseline of the transducers was adjusted to 
atmospheric pressure before each set of mea- 
surements. Recordings were obtained on Electronics 
for Medicine VR-6. The frequency response of the 
recording system was flat to 700 Hz. 

Diastolic pressures were measured twice in the . 
right zventricle; firstly after the end of cardio- 
pulmonary bypass. At this stage the heart did not 
appear to be distended or collapsed and the level of 
the blood in the oxygenator was about the same as 
before onset of cardiopulmonary bypass (central 
venous pressure (4-7mmHg): The second mea- 
surement was taken while the chest was still open, 
approximately 10 to 15 minutes later, after the 
patient’s condition had stabilised and after an addi- 
tional Volume of blood (mean _10 ml/kg pump blood) 
had been administered. Preoperative and post- 
operative right ventricular pressures were compared 
by the paired Student’s t test. - 


Results 


In all eleven patients postoperative right ventricular 
diastolic pressure was negative (— 14 (7:2))mm Hg 
and significantly lower than the preoperative pres- 
sure (p <0-001) (Table 2, Fig. 1). Pressures as low as 
—28 mmHg were noted (Fig. 2). The negative 
diastolic pressures were measured in the body and in 
the infundibulum of the right ventricle. Pulmonary 
artery diastolic pressure was negative in three 
patients after pulmonary valvectomy (cases 1, 3, 4) 
and in one after infundibular resection and trans- 
annular patching (case 7). The pressure in the nght 
ventricle was negative during most of diastole. In all 
patients right ventricular diastolic pressure was low- 
est during the early phase of rapid ventricular filling 
(Fig. 3). 

Volume load tended to reduce or eliminate the 
negative pressure (Fig. 4, Table 2). Negative 
diastolic pressures below —l0mmĦHg were 
observed only in patients with preoperative right 
ventricular : left ventricular systolic pressure ratios 
higher than 0-9 (Fig. 5). 

The subgroup of patients with low right 
ventricular: left ventricular ratios (<0-9) had 
significantly higher postoperative diastolic right 
ventricular pressures compared with the subgroup 
in which the ratio was high (— 6:75 (2:9) us ~18:2 
(6)mm Hg) (p<0-001). 


ay 
Table 1 Characteristics of 11 patients before pulmonary valve operation 
Case Age Sex Symptoms RVH ~ Sys BP RV sys RV dias RV/LV Subvalvar Associated Dysplastıe Operation 
No (mm Hg) (mm Hg) (mm He) obstruc PFO valve 
1 4 M Tiredness + 100 130 12 13 - - + Valvectomy* and 
R transannular 
patch 
2 5 F — Cyanoss, + 100 98 0 098 — — 0) + Valvectomy 
clubbing 
3 45 F  Cyanosis, ++ -~ H5 104 25 —09 - + + Valvectomy 
clubbing ge 
4 58 F A ++ 120 120 10 1 + - + Valvectomy 
dyspnoea 
5 2 Fo + 102 88 22 0 86 - — ~ Valvotomy 
6 65 M CHE, + 100 100 20 1 - = a Valvotomy 
7 18 F effort ++ 120 240 20 2 ++ — ~ Valvotomy and 
dyspnoca infundibular 
resection 
8 6 M Cyanosis (-) 118 46 om 20 +4 0:39 — + ~ Valvoromy and 
x incomplete 
closure of PFO 
9 6 M — + 110 62 0 056 _ - _ Valvotomy and 
closure of ASD 
10 48 M Dyspnoea, + 126 134 2 106 + + - Valvotomy and 
palpitation closure of ASD 
11 75 F Dyspnoca + 105, 60 16 057 - — — Valvotomy 
Meanl47— - ` 107-5 11:36 096 
(SD) (16) (52 5) (85) (0 43) 


*Valvectomues were performed RV in patients with dysplastic Paces valves. 


CHE, congestive heart fature; R’ 


‘right ventricular hypertrop! 


ventricular pressure, RV dias, diastolic right-ventricular pressure; PFO, patent foramen 


on electrocardiogram, Sys BP, systemic blood pressure (systolic); RV sya, systolic right 
ovale, 
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Fig.2 Effect of pulmonary valve operation on mimmum 
diastolic pressure in the right ventricle. Minimal diastolic 
pressure after administration of blood for volumé replacement 
is also shown. 
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Fig.3 Right ventricular pressure tracing after pulmonary 
valvotomy. 
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Postoperative right ventricular 
diastolic pressure (mm Hg) 
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Fig.5 Relation between preoperative right ventricle: left 
ventricle pressure ratio and postoperative night ventricular 
dhastohe pressure. 
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Fig.4 Increase of right ventricular dtastolte pressure after 
volume replacement in a patient after pulmonary valwotomy. 
(a) After valvotomy and (b) after volume replacement. 


Table 2 Right ventricular and pulmonary artery pressures at end of cardiopulmonary bypass m 11 patients after pulmonary valvatomy 








Caig BP (mm Hg) RV imnal (mm Hg) Infundibulum (mm Hg) Pulmonary artery (mm Hg) RY after volume load (mm Hg) 
mn pe Sate lee Pei ae PRR I a P eit eich ay 
Sys Dias Sys Dias Sys Dias Sys Dias Sys Dias 

l 120 80 120 —10 119 ~10 15 -5 118 —16 

2 H0 80 116 —28 100 —6 

3 130 80 200 -17 200 —17 30 -14 130 

4 110 80 214 —17 128 —I2 18 —6 135 4 

5 105 57 207 -l 200 +I 113 —4 

6 110 70 105 —24 117 —15 

7 130 80 285 —24 195 ~18 40 -12 170 -17 

8 101 70 35 -9 14 3 48 0 

9 120 80 lli -8 110 ~8 12 4 100 ~-1 

10 107 90 109 —~8 75 ~6 23 7 88 —3 

ll 121 67 31 -9 38 —8 

Mean (SD) 115 (9 8) 139 3 (718 4) —14 (8-5) 105 1 (377)  —66 (72) 


BP, systemic blood pressure; RV, mght ventncular pressure; dias, diastolic, sys; systolic: + 
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Discussion 


Postoperative right ventricular diastolic pressure 
was negative in all 11 patients operated upon. In 
nine of the eleven cases volume loading reduced the 
degree of the negative pressure in the right ventricle. 
This may indicate some degree of hypovolaemia in 
these patients. Indeed, exsanguination and hypo- 
volaemia have been reported in association with the 
development of negative ventricular pressure.°= 

Hypercontraction of the hypertrophied right ven- 
tricle after relief of long standing overload may be 
the main factor producing negative pressure in the 
present series. This is supported by the lower right 
ventricular diastolic pressure in patients with the 
greater preoperative right ventricular hypertrophy 
(right ventricular:left ventricular ratios > 0-9) 
(Fig. 5). 

It has been shown that reduced end systolic vol- 
ume is associated with negative diastolic ventricular 
pressures.?° It is also recognised that once pul- 
monary stenosis is relieved the contraction of the 
right ventricular conus is more complete, !* and this 
may result in further contraction of end systolic 
tight ventricular volumes. Whether the main factor 
in producing negative ventricular diastolic pressure 
is hypovolaemia or hypercontractility, end systolic 
volume always seems to be reduced. t? 

We found negative diastolic pressures in the pul- 
monary artery after valvectomy or valvectomy with 
transannular patching. By causing pulmonary valve 
insufficiency these procedures may have a delete- 
rious effect on the right ventricle.'* 

It has been suggested that negative diastolic pres- 
sures may be associated with a suction effect.* > 15 
Under such circumstances, the ventricles contract to a 
volume smaller than that of their “elastic equilibrium 
volume” and smaller than that achieved at rebound 
by “elastic recoil”, and thus cause the negative pres- 
sure and its suction effect.? 3 15 Deformation of some 
components of the ventricle during systole may pro- 
duce the potential energy for an elastic recoil during 
diastole.‘ 15 

It is clear that negative right ventricular diastolic 
pressure is common immediately after isolated pul- 
monary valvotomy and should be taken into account 
during volume loading at the end of cardio- 


pulmonary bypass. 
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Profound bradycardia after amy] nitrite in patients 
with a tendency to vasovagal episodes 


MAXINE H ROSOFF, MICHAEL V COHEN 
From the Division of Cardiology, Montefiore Medical Center and Albert Einstein College of Medicine, Bronx, 


New York, USA 


SUMMARY ‘Two patients with mild aortic insufficiency inhaled amyl nitrite during routine 
echocardiographic examinations. One developed sinus arrest and syncope and the other had 
pronounced sinus bradycardia. The mechanism of this paradoxical response is unclear. Caution 
should be exercised when amy] nitrite is administered for diagnostic purposes. 


Amy] nitrite is routinely used during physical and 
echocardiographic examinations for the evaluation 
of cardiac murmurs. This vasoactive agent generally 
causes dilatation of peripheral arteries and veins and 
striking tachycardia. We report an atypical and 
potentially dangerous response to amyl nitrite in two 
patients. 


Case reports 


PATIENT 1 

A 32 year old man was referred for echo- 
cardiography for evaluation of a murmur after he 
had fainted when a phlebotomy needle was inserted. 
On another occasion, he had noted pronounced light- 
headedness after blood donation. He denied other 
symptoms of cardiac disease. Physical examination 
revealed a short murmur of aortic regurgitation. 

A baseline M mode echocardiogram performed 
with the patient supine was normal. Resting heart 
rate was 58 beats per minute. Seconds after inhaling 
amyl nitrite, and while he was still supine, the 
patient complained of lightheadedness. The tech- 
nician noted that the patient was sweating profusely, 
and shortly afterwards he became unresponsive. 
Figure (a) is the M mode echocardiogram at the level 
of the mitral valve obtained immediately before and 
immediately after onset of the syncopal episode. 
After amyl nitrite inhalation the patient’s heart rate 
initially slowed to 40 beats per minute. All atrial and 
ventricular electrical activity disappeared, and 
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recorded cardiac motion ceased for 10 s. The tech- 
nician attempted to arouse the patient, who became 
responsive after 3-5 s. Resumption of the echo- 
cardiographic record showed three junctional beats. 
followed by sinus rhythm at 60 beats per minute. 
When he was examined shortly after the episode the 
patient was peripherally constricted and sweating 
and complained of mild dizziness. The pulse rate 
was 56 beats per minute, blood pressure 110/70 mm 
Hg, and the respiratory rate was 18 per minute. Car- 
diovascular and neurological examinations were 
unremarkable and repeat M mode and cross sec- 
tional echocardiograms were normal. The results of 
carotid sinus massage, hyperventilation, biochem- 
ical analysis of blood, 24 hour ambulatory electro- 
cardiographic monitoring, and exercise stress test 
did not disclose any abnormality. The patient was 
told to avoid venepuncture. He remains symptom 
free. 


PATIENT 2 

A 32 year old man was referred for evaluation of a 
murmur that had been detected one month earlier at 
routine physical examination. He complained of 
severe anxiety leading to nausea, lightheadedness, 
sweating, and syncope. He recalled at least eight 
previous syncopai events, all associated with either 
medical visits or venepuncture. He had no other 
cardiac symptoms. Physical examination was normal 
apart from a I/IV early diastolic decrescendo blow- 
ing murmur at the base of the heart. Electro- 
cardiogram and chest radiography were normal. M 
mode echocardiographic examination showed fine 
diastolic fluttering of the anterior mitral leaflet with 
normal chamber dimensions. After inhalation of 
amyl nitrite the sinus rate fell progressively from 78 
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to 30 beats per minute (Fig. (b)) and the patient 
complained of lightheadedness. The pulse rate then 
increased gradually. 

Electrocardiographic examination during carotid 
sinus massage and hyperventilation, cross sectional 
echocardiography, 24 hour ambulatory electro- 
cardiographic monitoring, and exercise stress test 
showed no abnormalities. 


Discussion 


These two apparently healthy patients had para- 
doxical bradycardia after inhalation of amyl nitrite. 
One had sinus arrest with loss of consciousness while 
supine. Although both had short murmurs charac- 
teristic of aortic insufficiency, neither had evidence 
of haemodynamically important cardiovascular dis- 
ease. They were taking no medications. To our 
knowledge, sinus bradycardia and arrest after amyl 
nitrite inhalation have not been described before. 


Rosoff, Cohen 


Inhaled amyl nitrite enters the circulation rapidly, 
producing sudden and pronounced arteriolar and 
venous dilatation. The fall in systemic blood pres- 
sure results in reflex stimulation of the sympathetic 
nervous system, producing sinus tachycardia and 
pronounced venoconstriction, both of which con- 
tribute to the increase in cardiac output. Reflex arte- 
riolar constriction occurs as well.'? Amyl nitrite 
induces more pronounced reflex vasoconstriction 
than glyceryl trinitrate. 

In patients with severe coronary stenosis, cardiac 
output may fall after nitrate administration if the 
induced hypotension intensifies ischaemia.’ Come 
and Pitt described syncope in five patients with myo- 
cardial infarction.* They developed hypotension and 
bradycardia without preceding tachcardia after they 
had been given sublingual or intravenous glyceryl 
trinitrate in the first 24 hours after myocardial in- 
farction. 
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Figure M mode echocardiograms at the level of the mitral valve several seconds after amyl nitrite inhalation. (a) In 
patient I two sinus beats were followed by prolonged asystole. (b) In patient 2 the sinus rate slowed to 30 beats per minute. 
There is evidence of diastolic fluttering of the mitral valve. AML, anterior mitral leaflet; PML, posterior mitral leaflet; 


IV septum, interventricular septum. 


Amyl nitrite 


Nitrate induced syncope is not restricted to 
patients with coronary artery disease.*® Studies of 
normal volunteers on tilt tables have suggested that 
decreased effective circulating blood volume second- 
ary to dependent venous pooling may cause circu- 
latory collapse,”®° and that this reaction may be 
intensified by the administration of sodium 
nitrite.?!° Such reactions are characterised by con- 
stant central venous pressure, gradually falling arte- 
rial pressure, and complaints of sweating, nausea, 
abdominal cramps, and dizziness. Abrupt falls in 
blood pressure and heart rate may follow. Loss of 
consciousness may be prevented by returning the 
subjects to the supine position, negative pressure 
breathing, or albumin infusion. Atropine prevents 
bradycardia but not syncope. These haemodynamic 
responses have been ascribed to parasympathetic 
reflexes induced by ischaemia of the medulla 
oblongata!® or by left ventricular cavitary 
obliteration. The theory that cerebral ischaemia 
causes the bradycardia has been questioned because 
changes in heart rate precede electroencephalo- 
graphic changes. In the two patients described here, 
there was no obliteration on the M mode echo- 
cardiograms at the time the haemodynamic changes 
occurred. 

Vagal reflexes are often implicated in syncope 
associated with bradycardia. Because reflex asystole 
rarely lasts more than 10s, and 15s of asystole are 
generally required to produce unconsciousness in 
the recumbent position, reflex mediated syncope is 
unusual in a supine patient.'! There are multiple 
afferent pathways which may lead to vagally induced 
bradycardia, asystole, and vasodilatation. Afferent 
fibres originate in the heart, arterial vessels, respira- 
tory and gastrointestinal tracts, the ear, and the tri- 
geminal and glossopharyngeal nerves. Hyper- 
sensitivity is extremely variable, and is subject to 
influences such as hypoxia and medications.!? There 
are many intracardiac reflexes.’ The coronary 
chemoreflex, also mediated by the vagus nerve, pro- 
duces a fall in blood pressure and heart rate after 
intracoronary injection of chemicals such as digitalis, 
nicotine, adenosine triphosphate, serotonin, phenyl 
diguanide, and isothiourea.'+'* The effects of amyl 
nitrite on this reflex have not been examined. Car- 
diac pressor reflexes after an increase of intracavitary 
pressures result in bradycardia and hypotension. 1°?” 
Intense vasodilatation and bradycardia, as well as 
decreased venous return, have been induced in dogs 
by acute increases in left ventricular pressure. 18720 
Appreciable increases in left ventricular pressure 
after amyl nitrite administration, however, have not 
been demonstrated. 

Glossopharyngeal neuralgia may cause bra- 
dycardia and syncope,” and similar bradycardias 
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have been described in patients with “swallow syn- 
cope” in association with oesophageal lesions.??23 
Our patients had no history of mandibular pain or 
symptoms referable to the oesophagus. Several 
inhaled gases, such as ammonia, phosgene, and bro- 
mune vapour, cause vagally mediated reductions in 
heart rate and blood pressure. These may act on 
chemoreceptors in the lung or may be systemically 
absorbed and act at other sites.'? Amyl nitrite, 
despite its broad clinical use, has not been associated 
with pulmonary chemoreflexes. 

Because these patients were told to inhale deeply 
when amyl nitrite was administered, some degree of 
hyperventilation induced hypocapnia may have 
resulted. Hypocapnia intensifies cerebral vasocon- 
striction,** and, therefore, may contmbute to cen- 
trally mediated syncope. Neither patient, however, 
developed symptoms of hypocapnia, nor did hyper- 
ventilation at a later tyme reproduce the bradycardia 
or syncope. 

The cause of the bradycardia in these patients is 
unclear. Neither of the patients responded to amyl! 
nitrite with early tachycardia. In patient 1, a trained 
athlete, relative insensitivity of cardiac beta recep- 
tors may have contributed to lack of a chronotropic 
response,” but patient 2 had a sedentary lifestyle. In 
both, bradycardia was the first manifestation of this 
unusual reaction. 

It is important to note that bradycardia and sinus 
arrest may occur as an unexpected reaction to amyl 
nitrite inhalation. Administration of this agent has 
been considered to be a routine procedure without 
known serious sequelae. Although the complication 
noted in this report is probably rare, we feel that the 
use of amyl nitrite should be avoided in patients with 
unexplained syncope. This agent should be adminis- 
tered by staff who are trained in cardiopulmonary 
resuscitation and atropine and appropriate resusci- 
tative equipment should be available. 


We thank Dr Dennison Young for permission to 
describe his patient. 
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Cardiac valve prostheses, anticoagulation, and 
pregnancy 
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SUMMARY The course of 76 pregnancies is reported in 51 women who became pregnant after 
replacement of one or more heart valves. Age at conception ranged from 17 to 39 years (mean 25). 
There have been 71 deliveries and five women are still pregnant at the time of writing. In the 71 
pregnancies, oral anticoagulants were given during 53, heparin during five, and no anticoagulants 
during 13. Fetal complications consisted of 12 spontaneous abortions (eight in pregnancies in 
which oral anticoagulants were given, three in which heparin was given, and one in which no 
anticoagulants were given), of 12 premature deliveries with seven stillbirths (three on oral anti- 
coagulants and four without anticoagulants), and there were three neonatal deaths (in all three 
instances oral anticoagulants had been given during pregnancy). The maternal complications 
were as follows. Two women with mitral valve prostheses on heparin had thromboembolic epi- 
sodes. Four women on oral anticoagulants died and 11 developed haemorrhage or systemic 
embolism. Two of the deaths were caused by bacterial endocarditis, one was the result of obstruc- 
tion of a mitral valve prosthesis, and one was due to haemorrhage. One patient developed pul- 
monary oedema during delivery which rapidly resolved. Seven patients had uterine bleeding after 
delivery (three of them were on heparin and one was on an antiplatelet agent). 


In 1966 DiSaia reported the first pregnancy and been 71 deliveries in 47 women, and five women are 
delivery in a patient with a Starr-Edwards valve still pregnant. Patients were aged from 10 to 40 
prosthesis.’ Since then there have been numerous (mean 23 years) at operation. Seven patients were 
case reports and a few small series. A review of one aged less than 15 years. The interval berween the 
of the largest series, comprising 25 women and 28 operation and first pregnancy ranged from 4 months 
pregnancies, appeared in 1976.7 Complications of to 132 months (mean 42 months); two patients had 
pregnancy are mainly related to the continuous use heart valve replacement in the second and third 
of anticoagulants. The increased coagulability nor- months of pregnancy. Age at conception ranged 
mally seen in pregnancy increases the requirement from 17 to 39 years (mean 25 years). Sixty eight 
for anticoagulants in women with heart valve pros- prostheses were inserted (53 Starr-Edwards, seven 
theses. We report our experience of a large series (51 Bjérk-Shiley, four Lillehei-Kaster, and a xenograft 
women, 76 pregnancies) and describe the difficulties in four), Twenty eight patients had the mitral valve 
associated with the management of pregnancy after replaced, seven the aortic valve, 15 had a double 


heart valve replacement. valve replacement (either mitral and aortic (10) or 
mitral and tricuspid (five)), and one patient had a 
Patients and methods triple valve replacement. 


There have been 76 pregnancies in 51 of 392 women PREOPERATIVE OBSTETRIC HISTORY 

aged <40 years with prosthetic heart valves who Thirty three women had not been pregnant before 
have been followed by us at this hospital. There have operation for heart disease and seven had had an 
abortion, either induced (two) or spontaneous (five). 
All but two of the pregnancies occurred without the 
woman first seeking medical advice. Fifty four preg- 
Accepted for publicanon 24 June 1985 nancies were reported in the first trumester, 18 in the 
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Table Outcome of 71 pregnancies in women with cardiac valve prostheses 
Heparm only Nona Oral anticoagulants Total 

Spontaneous abortion 3 1l 8 12 
Premature deliveries m 4 8 (two of those lived) 12 
Sullbirths ~ (C3) (6) 7 
Neonatal deaths — (3) 3 
Normal fullterm deliveries 2 8 37 47 
Total number of pregnancies 5 13 53 71+(10) 





*Figures in parentheses are already included m one of the events. 


second trimester, and two in the third. Two 
pregnancies went to term without any follow up or 
treatment. 


ANTICOAGULANT TREATMENT 

Oral anticoagulants were given during 53 of the 71 
pregnancies. The five women who are currently 
pregnant (three in the fourth month, one in the sixth 
month, and one in the eighth month) are also on oral 
‘ anticoagulants. Heparin was used during five 
pregnancies. No anticoagulants were given in 13 
pregnancies: in 10 of these oral anticoagulants were 
discontinued before pregnancy, in two they were 
changed to antiplatelet treatment during the second 
month of pregnancy, and in one an antiplatelet agent 
was given. 


Results 


FETAL COMPLICATIONS 

In the five pregnancies in which heparin only was 
given, there were three spontaneous abortions in the 
second, third, and fifth months of pregnancy. The 
other two pregnancies were normal and went to term 
(Table). Of the 13 pregnancies without anti- 
coagulant treatment, eight resulted in normal deliv- 
eries, four in stillbirths after premature delivery, and 
one in spontaneous abortion. In the 53 pregnancies 
in which oral anticoagulants were given, there were 
eight spontaneous abortions in the second, third, 
and fourth months of pregnancy; of the eight pre- 
mature deliveries there were three stillbirths, three 
neonatal deaths, and two infants who lived. There 
were 37 fullterm normal deliveries in pregnancies in 
which oral anticoagulants had been replaced by 
heparin at the start of the ninth month. Thus, the 71 
pregnancies resulted in 12 spontaneous abortions 
(three on heparin, one without anticoagulants, and 
eight on oral anticoagulants), in 12 premature 
‘deliveries with seven stillbirths (four without 
anticoagulants, three on oral anticoagulants), three 
neonatal deaths shortly after birth (all on oral anti- 
coagulants), and two living infants; and 47 fullterm 
deliveries with only one death as a result of gastric 
haemorrhage (two on heparin, eight without anti- 
coagulants, and 37 on oral anticoagulants). Twenty 


nine female and eighteen male babies survived. The 
median birthweight was 3 kg (range 2 to 3-8). Most 
of the surviving children are too young for progress . 
in school to be assessed; however, none had 
detectable brain damage, mental retardation, or seri- 
ous congenital abnormality. 


MATERNAL COMPLICATIONS 

Seven women had cardiac failure, but it responded 
to rest, salt restriction, digoxin, and diuretics, There 
were no haemorrhagic complications in the women 
on heparin, but two had thromboembolisms. 
Despite apparently regular and efficient anti- 
coagulant treatment, one patient, aged 20 years, had 
thrombosis of a Starr-Edwards mitral valve pros- 
thesis 24 hours after delivery of a normal child; 
reoperation was unsuccessful and the patient died in 
the immediate postoperative period of cardiogenic 
shock. Another'patient with a Starr-Edwards mitral 
valve prosthesis had four thromboembolic episodes. 
The first, during the seventh month of pregnancy, 
resulted in right hemiplegia. The other three 
episodes occurred in the second and fourth month of 
pregnancy and on the sixth day after delivery. This 
patient was reoperated three weeks after the delivery 
of a fullterm, normal child. There were fibrin 
deposits at the base and the top of the prosthesis; 
three years before, this woman had had a coronary 
embolus when she temporarily stopped anti- 
coagulant treatment. 

There were no thromboembolic episodes in the 
pregnancies without anticoagulants. Two women 
had bacterial endocarditis. In one it was caused by 
Klebsiella; it occurred in the sixth month of preg- 
nancy resulting in premature delivery. In the other 
endocarditis was caused by Candida albicans; it 
occurred a few days before delivery and was 
resistant to antifungals. The patient was reoperated 
two months after delivery and died from severe 
septicaemia. 

There were 38 uncomplicated pregnancies in 
women on oral anticoagulants; four patients died, 
and 11 had complications (uterine haemorrhage and 
embolism) which rapidly resolved. Two deaths were 
caused by bacterial endocarditis 25 days and one 
month after delivery; one death was due to an 
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obstruction of a Starr-Edwards mitral valve pros- 
thesis a few days after delivery in a patient who was 
on oral anticoagulants until the beginning of the 


ninth month of pregnancy and was then on heparin. . 


Heparin was stopped at the start of labour and 
restarted six hours after delivery. The fourth death 
occurred in the seventh month of pregnancy in a 
woman who had a severe haemorrhagic episode due 
to an excessive dose of anticoagulants; the fetus died 
in utero. 

At delivery pulmonary oedema developed in one 
patient, this responded rapidly to treatment; seven 
patients presented with uterine bleeding after deliv- 
ery: three of them were on heparin and one was on 
an antiplatelet agent. 


Discussion 


It is difficult to predict the outcome of pregnancy in 
women with artificial heart valves. Cardiac output 
increases by up to 50% in pregnancy; this is nor- 
mally achieved by an increase in stroke volume 
rather than by an increase in heart rate.? Like 
others,7*5 we found that pregnancy in women with 
heart valve prostheses, even those with triple valve 
replacement, is usually well tolerated when the heart 
has a good ventricular reserve, is in sinus rhythm, 
and has properly functioning valves.® 

Increases in the concentrations of coagulation 
factors‘ and a reduction in fibrinolysis in pregnancy’ 
add to the risk of thromboembolism associated with 
the presence of a prosthetic heart valve. The clinical 
manifestations of thromboembolism associated with 
artificial heart valves ın pregnant women do not 
differ from those seen in non-pregnant women.® 
The most serious complication that we saw was 
prosthetic valve thrombosis in three patients, which 
was fatal in two, despite reoperation in one case. 
Thrombosis of the artificial valve can be prevented 


by well controlled anticoagulant treatment. Discon-| 


tinuation of oral anticoagulants or a change in the 
anticoagulation regimen in pregnant women, usually 
at the mother’s request to reduce the risk to the 
fetus, may considerably increase the risk of maternal 
thromboembolism. In a review of 81 pregnant 
women with cardiac valve prostheses in which 24 
patients stopped anticoagulants before or soon after 
conception, there were six patients with one or more 
thromboembolic episode and two deaths; whereas 
only three of the 57 patients on anticoagulants had 
embolic complications.? In Limet and Grondin’s 
series of seven patients one of three patients in 
whom anticoagulants were stopped before or early in 
pregnancy died of pulmonary oedema. Necropsy 
showed a recent friable thrombus engulfing the 
struts of the prosthesis. One of the four patients on 
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anticoagulants who took their medications hap- 
hazardly had a periprosthetic thrombus which led to 
pulmonary oedema and a saddle embolus of the 
bifurcation of the aorta.? Our results accord with 
those of Larrea et al who reported that throm- 
boembolic complications were common in mitral 
valve prostheses.®° In their study of 38 patients in 47 
pregnancies three (7-9%) developed thrombosis of 
their mechanical valves—two Bjork-Shiley mitral 
valve prostheses thrombosed 72 hours after delivery 
and one Bjork-Shiley aortic valve prosthesis became 
thrombosed in the sixteenth week of pregnancy.® All 
three thromboses occurred suddenly during appar- 
ently well controlled heparinisation, and without 
apparent change in the clotting time. Two of our five 
patients on heparin had thrombosis of a mitral valve 
prosthesis despite well controlled anticoagulation, 
and one of the patients on oral anticoagulants died of 
obstruction of a Starr-Edwards mitral valve pros- 
thesis a few days after delivery: this patient was on 
oral anticoagulants until the start of the ninth 
month, she was then treated with heparin which was 
stopped at the start of labour and restarted six hours 
after delivery. Five other patients on oral anti- 
coagulants had embolic episodes which rapidly 
resolved (one peripheral, one coronary, and three 
cerebrovascular). There were no thromboembolic 
episodes in any of our patients who were not on anti- 
coagulant treatment during pregnancy. 

It ıs widely believed that discontinuation of anti- 
coagulant treatment increases the risk of systemic 
embolisation in the mother; on the other hand, their 
use during early pregnancy, near term and at deliv- 
ery has been reported to be associated with an 
increased incidence of fetal malformation, still- 
births, and neonatal deaths from haemorrhage. Oral 
anticoagulants have small molecules that can cross 
the placenta and they are known to be teratogenic. 
In 1949, studies in rabbits by Kraus et al indicated 
that the use of coumarin during pregnancy may 
endanger the fetus.'° In 1966 DiSaia reported on 
the first pregnancy after implantation of a cardiac 
valve prosthesis; this fullterm infant, born to a 
mother who had received coumarin treatment in 
early pregnancy, had severe nasal hypoplasia and 
bilateral optic atrophy.! Shaul and Hall summarised 
the abnormalities seen in 11 patients who had been 
exposed prenatally to warfarin derivatives.!? The 
most constant features were nasal hypoplasia and 
stippled epiphyses.-' Hall ez al reviewed 24 cases in 
1980 and confirmed these findings.'? Other abnor- 
malities included cptic atrophy, cataracts, mental 
retardation, and flexion contractures. 

The critical period for teratogenesis is the srxth to 
the ninth week of gestation, and this may explain 
why we did not see malformations in our series. Our 
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patients had not usually been treated with anti- 
coagulants in the first trimester. Fetal loss due to 
abortion, stillbirth, or premature delivery 1s another 
complication of anticoagulant treatment. We and 
others have established that there is unquestionably 
an increased risk of fetal loss in pregnant women 
treated with anticoagulants. This risk is especially 
high when oral anticoagulants are administered from 
early pregnancy until term and when the dose of 
anticoagulant is sufficient to depress the 
prothrombin concentration even for only two 
days.?!3!4 In a large review in 1975 Harrisson and 
Roschke noted that in 55 pregnancies in which the 
mother had been receiving an anticoagulant (usually 
warfarin) throughout pregnancy, fetal wastage was 
29%, whereas there was no fetal loss in 14 preg- 
nancies in which no anticoagulants were used.'5 
Lutz et al reported spontaneous fetal wastage of 
56% in pregnancies in which coumarin anti- 
coagulants had been given in the first trimester.'® 
Ibarra-Perez et al reported nine spontaneous abor- 
tions in 25 pregnancies in which oral anticoagulants 
were used virtually throughout pregnancy.” In 1979 
we reviewed 133 published cases in which there was 
30% fetal wastage (21 abortions and 18 stillbirths); 
of the 39 fetal losses, only one occurred in a patient 
who was not on anticoagulants and in 10 women 
there was an obviously reduced coagulability; 12 of 
the 18 perinatal deaths occurred when oral anti- 
coagulants were taken until term.® 

Hirsh et al stressed the importance of discon- 
tinuing oral anticoagulants before term to allow their 
elimination by the fetus and the restoration of nor- 
mal prothrombin time.'? There is evidence that 
abortions, stillbirths, and early deaths are caused by 
placental detachment or internal or cerebral 
haemorrhage; bleeding may be due to the hypo- 
coagulable state in the fetus,® which is very sensitive 
to anticoagulants because of the immaturity of the 
liver. Thus the fetal prothrombin time may be con- 
siderably prolonged even when that of the mother is 
normal.'® To avoid bleeding complications in the 
fetus, maternal prothrombin times should be main- 
tained in the low normal range. There is evidence 
that heparin does not cross the placenta and there- 
fore it is unlikely to be teratogenic. 18 Administration 
and monitoring of treatment are difficult, however, 
and fetal and maternal haemorrhage may occur. The 
maternal complication rate was high in a series of 
135 cases. Fourteen patients (10%) had a hae- 
morrhage and three (2%) of them died.!? Thirty 
three per cent of deliveries were premature or still- 
births. Heparin may be substtuted for oral anti- 
coagulants in pregnant women with heart valve 
prostheses, but this change can only be purposefully 
instituted when the pregnancy is recognised early 


Ben Ismail, Abid, Trabelsi, Taktak, Fekth 
and before the most vulnerable period for the fetus. 


Conclusions 


The risk of heart failure during pregnancy in women 
with heart valve prostheses is usually not great when 
bed rest and appropriate medical treatment are fea- 
sible; however, patients in functional class III and 
IV of the New York Heart Association classification 
with large left atrium and atrial fibrillation should be 
advised against pregnancy. Such patients are, how- 
ever, not often encountered because most of them 
will have had surgical treatment before pregnancy in 
order to prevent deterioration of cardiac function. 

The maternal risk of thromboembolism is high 
and it is not always prevented by anticoagulants. We 
found that heparin was less effective than oral anti- 
coagulants and we did not find any teratogenic 
effects associated with oral anticoagulants. So, 
although many prefer to use heparin in the first 
trimester of pregnancy, we do not think that this is 
justified, even when pregnancy is diagnosed 
sufficiently early or 1s planned for. We do, however, 
recommend the use of heparin at the end of preg- 
nancy to reduce the risk of haemorrhage during 
labour and delivery. Mothers on anticoagulants are 
often advised against breast feeding; however, there 
is evidence that those on warfarin may safely breast 
feed their infants.!° 

Because of the difficulties encountered in the 
management of pregnant women with artificial heart 
valves, some workers strongly recommend the use of 
bioprosthetic heart valves in women of child bearing 
age; but we believe that this attempt to reduce the 
risk of rapid valve failure is justified only in patients 
in sinus rhythm who are > 25 years old. 
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Aortic dissection during pregnancy 
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SUMMARY Aortic dissection occurred in a nineteen year old woman during the thirty seventh 
week of pregnancy. Immediate elective delivery of a normal baby by caesarean section was 
followed by aortic root replacement 48 hours later. It was decided not to proceed immediately to 
operation on the aortic root because it was believed that the anticoagulation necessary for cardio- 
pulmonary bypass might provoke dangerous haemorrhage from the raw placental site. 


Case report 


A nineteen year old woman booked in for her first 
pregnancy at the local hospital. She remained well 
and fetal growth was normal until the thirty seventh 
week when she complained to her general prac- 
titioner of dizziness and a discomfort in her neck and 
chest radiating through to her back. Clinical exam- 
ination at that time was normal. Two days later, 
however, her husband noted vibration in her chest 
and the family doctor confirmed the presence of new 
cardiac murmurs. 

She was admitted to the local district hospital, and 
one week later was referred to the regional centre. 
On admission she had mild chest discomfort and 
tiredness. Clinical examination showed no signs of 
heart failure. She was normotensive with a blood 
pressure in both arms of 105/55mm Hg. A systolic 
thrill was present to the right of the upper part of the 
sternum, and on auscultation an ejection systolic and 
early diastolic murmur were heard. 

A chest radiograph showed an enlarged cardiac 
shadow but the upper mediastinum was normal 
(Fig. 1). The electrocardiogram was normal. Cross 
sectional ultrasound examination showed that the 
aortic root was 7 cm in diameter; in the short axis 
view the aortic root was shown to consist of a normal 
sized main lumen with a large false lumen on the 
right side (Fig. 2). 
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Labour was avoided to protect the mother from 
the possible extension of the presumed aortic dis- 
section, and a normal baby was delivered by elective 
caesarean section within 24 hours of admission. Aor- 
tography three hours after operation confirmed the 
diagnosis of a dissecting haematoma confined to the 
ascending aorta and gross aortic incompetence. 

We decided not to proceed to immediate oper- 
ation on the aortic root because we believed that, as 
the uterus had only partly contracted, the anti- 





Fig. 1 


Chest radiograph at admission. 
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coagulation necessary for cardiopulmonary bypass 
might provoke dangerous haemorrhage from the raw 
placental site. To avoid increasing the patient’s 
blood pressure oxytocin had not been given. Arterial 
hypotension was maintained by sodium nitro- 
prusside infusion for 48 hours to allow healing of the 
uterus. Then the ascending aorta was replaced by a 
Dacron prosthesis containing a Bjérk-Shiley valve 
with reimplantation of the coronary arteries. Her 
postoperative recovery was uneventful apart from 
persistent symptomatic atrioventricular dissociation 
for which a permanent pacemaker was inserted. At 
follow up two months later mother and baby were 
well. 

Examination of the aortic root showed an intimal 
tear, 3 cm above a bicuspid aortic valve, giving rise 
to a large dissecting haematoma with no exit point. 
The histology of the aortic wall was normal with no 
evidence of cystic degeneration. 


Discussion 


Most aortic dissections occur as a result of systemic 
hypertension’; indeed it has been argued that if sys- 
temic hypertension were eliminated, spontaneous 
aortic dissection would virtually disappear.’ Other 
risk factors, such as Marfan’s syndrome, trauma,° 
the presence of a bicuspid aortic valve,** and preg- 
nancy,° ~? have been identified. 

Dissection of the aorta in pregnancy is very rare, 
and usually occurs in the third trimester when blood 
volume and cardiac output are rising to a max- 


imum.” It has been known to occur at all stages of 


pregnancy and during the weeks after delivery. Pri- 


miparous patients seem more susceptible. In on 
report, 50°% of aortic dissections in women of child 
bearing age occurred during pregnancy,” but ir 
many of these cases the blood pressure was not doc 
umented. Therefore it may be that the s) 
hypertension associated with many pregnanci 
especially the first pregnancy, is responsible for th 
high frequency of dissections in pregnant female 
compared with non-pregnant females of the sami 
age.” 

The patient reported here was known to have ha 
normal blood pressure throughout her pregnancy 
She had a bicuspid aortic valve, however, wh 
also known to be associated with 
section.*5° In two necropsy series, bicuspid val 
were found in 10% of cases of dissection.*” Dis 
section of the ascending aorta is as Common in non 


aort is 


stenotic valves as in those causing important 
obstruction,'® so a generalised structural disorder of 
the arterial wall.2'! rather than haemodynami 
stress!? is likely to be responsible 


The histological appearance of the aortic 
the patient reported here normal. Cystic 
medionecrosis is commonly described in case 
dissection, especially in pregnancy, but the 


was 


range of its reported incidence reflects a consid 
erable difference in the diagnostic criteria use 
pathologists.!* True cystic medionecrosis probably 


only leads to dissection in Marfan’s syndro 
(which accounts for only three per cent of cases 
dissections), and other changes labelled st 
medionecrosis, which are often neither cystic r 
necrotic, are non-specific and commonly found | 
aortas routinely examined at necropsy Histolog 





Fig. 2 


Cross sectional echocardiographic long axis (a) and short axis (b) views of the aortic root AO, aorta; LA, left 
atrium; LV, left ventricle; DH, dissecting haematoma 
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cal examination will not show the subcellular and 
chemical changes which are thought to occur in the 
connective tissue during pregnancy as a result of 
alterations in lipid metabolism and the high serum 
concentrations of oestrogen.'? A combination of 
these ultrastructural changes together with a con- 
genital weakness of the aorta associated with a bicus- 
pid aortic valve may have led to this patient’s aortic 
dissection. 

Elective caesarean section was the preferred 
method of delivery. Discussion centred on how 
much time should be allowed for healing of the pla- 
cental site in the uterus before proceeding to surgery 
on the aortic root. The risk of severe haemorrhage 
from the fresh placental site had to be balanced 
against the risk of rupture of the aortic wall. Dis- 
section had occurred some days before the patient 
arrived in our hospital, and, as ischaemic pressure 
necrosis of the outer aortic wall can develop at any 
time, the state of her aorta was always felt to be pre- 
carious. As a compromise we waited 48 hours and 
maintained hypotension (< 95 mm Hg systolic) with 
sodium nitroprusside infusion. In the event there 
was no postoperative uterine bleeding. 
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Severe mitral regurgitation in a woman with a double 


orifice mitral valve 
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SUMMARY 


A 64 year old woman with partial atrioventricular canal and double orifice mitral valve 


presented with severe mitral regurgitation secondary to a torn leaflet. The double orifice regur- 
gitant mitral valve is an unusual finding at operation. 


Double orifice mitral valve is an unusual congenital 
abnormality that is rarely of clinical importance. We 
describe a patient in whom this finding was associ- 
ated with severe mitral regurgitation. 


Case report 


A 64 year old woman was noted to have a murmur at 
age 20, but was symptom free until 1977 when con- 
gestive heart failure developed. A murmur typical of 
mitral regurgitation was noted. Her symptoms 
resolved on digoxin and diuretic treatment. She did 
well until November, 1983, when symptoms of 
weakness, abdominal distension, dyspnoea, and pal- 
pitation developed. Frusemide and quinidine (for 
ventricular extrasystoles) were started but when her 
symptoms progressed she was referred to our insti- 
tution. 


CLINICAL FINDINGS 

Physical examination showed a normotensive female 
in no distress. Pulse was 66 beats per minute with 
frequent extrasystoles. Her venous pressure was 
raised with pronounced V waves. Carotid pulses 
were normal. The apical impulse was felt in the sixth 
intercostal space in the midclavicular line, and there 
was a left parasternal thrill. The first and second 
heart sounds were normal. The third heart sound 
was soft. A grade 5/6 harsh pansystolic murmur 
radiated from the heart apex to the axilla and spine. 
There was a grade 3/6 harsh systolic murmur at the 
left sternal border. There was a soft diastolic mur- 
mur at the apex. A pulsatile liver was palpable 5cm 


Requests for reprints to Dr Jack Kron, Department of Medicine, 
Division of Cardiology, Oregon Health Sciences University, 3181 
SW Sam Jackson Park Road, Portland, Oregon 97201, USA. 


below the right costal margin. There was minimal 
oedema. 

The electrocardiogram showed left axis deviation, 
first degree atrioventricular block, and right bundle 
branch block. A chest x ray film showed cardio- 
megaly, prominent pulmonary arteries, and 
increased pulmonary vascular flow. Laboratory 
studies were unremarkable. 

Cross sectional echocardiography (Fig. 1) showed 
left atrial, right atrial, and right ventricular enlarge- 
ment; an ostium primum type atrial septal defect: 
and a cleft anterior mitral leaflet. A contrast study 
demonstrated right to left shunting across the atria! 
septal defect. At retrospective examination of the 
echocardiogram two separate mitral valve orifices 
could be seen in the parasternal long axis right ven- 
tricular inflow view. 

Cardiac catheterisation demonstrated raised right 
heart pressures, increased right atrial oxygen satu- 
ration and mild arterial desaturation. The pul- 
monary: systemic blood flow ratio was 1-9:1. 

Left ventricular cineangiography showed normal 
wall motion with evidence of a gooseneck deformity 
of the left ventricular outflow tract and severe rnitral 
regurgitation. There was left atrial and right ven- 
tricular enlargement. Early appearance of contrast in 
the right atrium confirmed the presence of an atrial 
septal defect. Coronary angiography was normal. 


FINDINGS AT OPERATION 

The heart was explored through a lateral right atrial 
incision. The tricuspid valve annulus was con- 
siderably dilated with a cleft in the septal leaflet 
extending to the septal rim. The valve was grossly 
incompetent. A 3cm diameter ostium primum 
defect was present. The mitral valve was fully 
viewed through an incision in the atrial septum (Fig. 
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Fig.1 Cross sectional echocardiogram (parasternal long 
axis, right ventricular inflow view) showing both the atrial 
septal defect (ASD) and the dual orifice mitral valve. LA, 
left atrium; LV, left ventricle; MVO, mitral valve orifice; 
RA, right atrium; RV, right ventricle; TV, tricuspid valve. 


2). It was composed of an oval annulus with two 
complete orifices divided by a transverse bridge of 
leaflet tissue. Each orifice had its own slightly eccen- 
tric placed papillary muscle. From each muscle, 
chordae tendineae radiated in a parachute fashion to 
the leaflet edges. The posterior orifice was approxi- 
mately two thirds the diameter of the anterior orifice 
and was fully competent. The anterior orifice had a 
cleft in its anterior leaflet opposite the cleft in the 
septal leaflet of the tricuspid valve. On the anterior 
ostial margin of the cleft there was a single ruptured 
chord and a thickened flail leaflet. A regurgitant jet 
was demonstrated in this segment when the left 





SVC y 
IVC 
Fig. 2 Drawing of the in situ surgical findings. The mitral 


valve is viewed at operation through a surgically enlarged 
ostium primum atrial septal defect via a right atrial incision 
Mitral valve (MV) with torn chord (c) and cleft anterior 
leaflet (large arrow) and bridging tissue (b). TV, tricuspid 
valve with cleft septal leaflet (small arrows). SVC, superior 
vena cava. IVC, inferior vena cava. 
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ventricle was filled with saline solution. 

Repair of the ruptured chord by reimplantation 
did not restore valve competence. Cleft closure with 
interrupted sutures also failed to restore complete 
competence. We considered closure of the larger 
orifice, but believed that the secondary orifice would 
be inadequate to maintain flow. Therefore both 
mitral valve orifices were excised and were replaced 
with a 3M Starr-Edwards 6120 valve. The cleft in 
the septal leaflet of the tricuspid valve was closed. 
Tricuspid competency was restored by re- 
establishing a near normal annular shape and size by 
use of a 28 mm Carpentier tricuspid ring. The 
ostium primum defect was closed with a patch of 
autogenous pericardium secured by running suture. 


Discussion 


Double orifice mitral valve is a rare disorder that was 
first reported by Greenfield in 1876'; over sixty 
cases have since been described.*~'* This abnor- 
mality is rarely of clinical importance,’ and most 
cases are recognised at operation or necropsy. It 
occurs as an isolated lesion or in association with 
other anomalies such as atrioventricular canal, 
bicuspid aortic valve, coarctation of the aorta, 
transposition of the great arteries, patent ductus 
arteriosus, supravalvar mitral stenosis, subaortic 
stenosis, secundum atrial septal defect, and ventric- 
ular septal defect.)*°'°'* Endocardial cushion 
defects are present in 25-50% of cases,*7 '* with 
double orifice mitral valve being seen in 3-10% of all 
cases of persistent atrioventricular canal.* '* '* The 
case we describe is unusual because of the patient’s 
age and mode of presentation. The oldest patient in 
the Wakai and Edwards necropsy study was 13 years 
old and all the others were <2} years old.? In the 
largest series reported all patients were < 20, and the 
double orifice valve was generally an incidental 


finding.'* Clinically important mitral regurgi- 
tation’! has been diagnosed on the basis of a 
geometrically deformed valve,’ anterior mitral 


leaflet fenestration,’ or abnormal origin of the chor- 
dae tendineae and papillary muscles.° This is the 
first report of a case in which a flail leaflet due to a 
ruptured chorda tendineae caused severe mitral 
regurgitation, 


ANATOMICAL AND EMBRYOLOGICAL 
FEATURES 

Ilbawi et al reported eight patients with double 
orifice mitral valves.'* Four had an intermediate 
atrioventricular canal without a cleft mitral leaflet 
while the others had ostium primum defects. The 
former group had intractable congestive heart fail- 
ure and did not survive operation, whereas the latter 
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group recovered. These findings accord with those 
in a later series.” 1° All five of the cases in the Wakai 
and Edwards series were associated with complete 
or intermediate atrioventricular canals and all the 
patients died of congestive heart failure or post- 
operatively.’ The 11 cases in the Warnes and Som- 
erville series were associated with ostium primum 
defects and tended to have a better course.'? This 
resembles our patient, who first presented in her 
fifties. 

There is some disagreement about the 
embryological origin of this lesion. Wimsatt 
believed that the accessory orifice was the result of 
abnormal fusion between the anlagen of the medial 
and lateral mitral valve leaflets.1° Lewis, however, 
believed that the accessory orifice was the result of 
developmental arrest and persistence of the left part 
of the common atrioventricular canal, resulting in an 
accessory orifice in tissue destined to become a 
mitral leaflet.‘ Ancalmo et al supported the latter 
theory because endocardial cushion defects are often 
found in association with this lesion.’ 


ANGIOGRAPHIC AND ECHOCARDIOGRAPHIC 
FINDINGS 

Our patierit showed the typical gooseneck deformity 
of the subaortic region of the left ventricle seen in 
ostium primum defects caused by abnormal place- 
ment of the anterior mitral leaflet.17 +18 Warnes and 
Somerville: and- Somerville and Jefferson have 
described two rows of fine crenations in the medial 
region of the left ventricle, representing the double 
orifice.13 18 Echocardiography will often define both 
orifices.1* 18 If an ostium primum defect is present, 
the fishmouth appearance of the normal mitral valve 
is replaced by a triangular configuration with sepa- 
ration of the anterior components of the anterior 
leaflet. Although the double orifice was not recog- 
nised before operation in our patient, on retro- 
spective examination of the echocardiogram the 
angulated parasternal long axis view showed two 
orifices (Fig. 1). 


SURGICAL CONSIDERATIONS 
The surgical approach to patients with mitral valve 
abnormalities associated with endocardial cushion 


defects has. recently been reviewed.'4!9 Our. 


approach resembles that of the Mayo Clinic 
group.”° It has been our experience that when the 
cleft in the mitral valve has been left intact, or only 
partly closed, reoperation has been required because 
of progressive mitral regurgitation. !” Therefore, we 
usually close the cleft with interrupted sutures if the 
mural leaflet component of the mitral valve is of ad- 
equate size (that is, greater than one third of the cir- 
cumference of the annulus). In cases where the 


mural leaflet component is less developed, the cleft 
has been left partly or completely open; however, as 
noted earlier, this has given less than satisfactory 
results. In cases where the cleft is left open, invagi- 
nation of the base of the commissure may provide 
better apposition and competence. If not, mitral 
valve replacement is probably indicated. 

Double orifice mitral valve is a rare lesion that can 
complicate the surgical repair of endocardial cushion 
defects.'+!® Diagnosis should be considered in 
patients who have evidence of an ostium primum 
atrial septal defect. Cross sectional echo- 
cardiography and left ventricular angiography can 
be useful in establishing the diagnosis. 
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Abrupt withdrawal of atenolol in patients with severe 
angina: comparison with the effects of treatment 


Sir, 

I have read the report by Walker et al (1985; 53: 
276-82) on the results of a study on the effect of 
atenolol withdrawal in patients with chronic stable 
angina pectoris. As a result of their findings, they 
came to the rather dangerous conclusion that 
atenolol withdrawal can be expected to carry no 
appreciable risk of precipitating a coronary event in 
patients with little or no angina. 

In 1979, Meinertz et al suggested that the abrupt 
discontinuation of any beta blocking agent should be 
expected to produce a withdrawal syndrome similar 
to that described for propranolol.’ The point at 
which rebound phenomena occur can be delayed for 
as long as 21 days after withdrawal? ~*; the duration 
of the study performed by Walker ez al was therefore 
too short to permit a conclusion that atenolol is 
devoid of this risk. Furthermore, in a different study, 
there was evidence of rebound withdrawal phenom- 
ena in two of 14 patients after substitution of atenolol 
by placebo.> Others have shown no difference 
between the beta blockers propranolol, oxprenolol, 
atenolol, and acebutolol in their propensity to cause 
a rebound increase of heart rate under conditions of 
increased sympathetic drive after withdrawal.° The 
statement that atenolol has not yet been associated 
with a withdrawal syndrome is therefore incorrect. 

Clearly there is a great deal of variability in the 
appearance of the beta blocker withdrawal syndrome 
and advice that treatment with any beta blocker 
should be withdrawn gradually, irrespective of the 
disease under treatment, still stands. 


A Ashford, 

May and Baker Ltd, 

Rainham Road South, 
Dagenham, Essex RM10 7XS. 
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This letter was shown to Dr Walker, who replies as 
follows: 


Sir, 

While we respect Dr Ashford’s concern regarding 
the potential ill effects of abrupt beta blockade with- 
drawal we maintain that our results justify our con- 
clusions. The suggestion of Meinertz et al was an 
extrapolation from one case (which concerned met- 
oprolol),! while the contention that rebound phe- 
nomena can occur as late as 21 days after withdrawal 
is based on just two patients, both of whom had 
developed unstable angina within 24 hours of 
propranolol withdrawal.? Among 21 cases of the 
“propranolol withdrawal syndrome” in whom the 
timing of events was stated all but three occurred 
within seven days of withdrawal.*~ > Rebound adre- 
nergic hypersensitiviry—when it has been demon- 
strated® ’—has always been maximal within seven 
days. Hence it cannot be confidently stated that these 
late events were rebound phenomena. While we 
accepted in our paper that our post-withdrawal 
period might ideally have been longer than 144 
hours, it nevertheless included that time during 
which other workers have demonstrated rebound 
hypersensitivity under conditions of increased sym- 
pathetic drive.’ 

Our statement that “atenolol has not as yet been 
associated with a withdrawal syndrome” is to our 
knowledge correct according to the definition which 
we and others have applied®: that is, one inclusive of 
serious coronary events. The two (hypertensive) 
patients mentioned by Dr Ashford had no cardiac 
symptoms. Our data also showed that abrupt with- 
drawal of atenolol produces a gradual loss of beta 
blockade, which is why a gradual reduction in dosage 
ig unnecessary. 

We have attempted to avoid the rather anecdotal 
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and speculative discussion which tends to surround 
the “beta blockade withdrawal syndrome”, 
confining our conclusions to the specific agent and 
clinical setting tested. If it can ever be considered 
reasonable to withdraw a beta blocker then based on 
our data in patients with severe stable angina it 
should surely not be considered a “dangerous” prac- 
tice to stop treatment with atenolol in patients who 
have mild or no symptoms? 


P R Walker, 
Department of Cardiology, 


Bristol Royal Infirmary, 
Bristol BS2 8HW. 
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Effect of timolol on changes in serum potassium 
concentration during acute myocardial infarction 


Sir, 

Nordrehaug et al (1985; 53: 388-93) showed that the 
administration of timolol after myocardial infarction 
reduces the frequency of hypokalaemia during the 
first 24 hours after the infarct. For greater accuracy 
they should have used plasma rather than serum 
because there is erratic leakage from erythrocytes 
during coagulation. 

Using insulin-induced hypoglycaemia (in healthy 
volunteers) as another model for acute stress, we 
have also observed that prior non-specific beta 
blockade with nadolol or propranolol prevents 
hypokalaemia.'? Since these effects of stress are 
mediated through a pronounced increase in plasma 
catecholamine concentrations it is pertinent to 
mention that adrenaline-induced influx of potassium 
into leucocytes in vitro is inhibited by the non- 
selective beta blocker, timolol and that these cells are 
probably a model for body cells as a whole.* In addi- 
tion, beta blockade in the hypoglycaemia model! 
reduces the magnitude of (a) increase in serum free 
fatty acid concentrations by inhibiting lipolysis; (b) 
the increase in various haemostatic variables like 
factor VIII related antigen; (c) platelet aggregation. 
These effects are related to the pathogenesis of myo- 
cardial infarction since they are all arrhythmogenic 
or prothrombotic.*~® It is also important to deter- 
mine whether selective blockade of beta, receptors 
produces similar results since some of the above 
effects of catecholamines are thought to be mainly 
mediated by beta, receptors. 


D P Mikhailidis, 

P Dandona, 

D N Baron, 

Department of Chemical Pathology and Human 
Metabolism, 

Royal Free Hospital and School of Medicine, 
London NW3 2QG. 
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A case of fatal peripartum cardiomyopathy 


Sir, 

In 1970 you published a report by myself and col- 
leagues from this hospital on a case of fatal peri- 
partum cardiomyopathy. Since then, our patient’s 
younger sister has died at the age of 31 at another 
hospital of dilated cardiomyopathy. An older sister 
developed congestive heart failure after delivery of a 
son at the age of 38 but she recovered. This son 
developed congestive heart failure at the age of 12 
and was investigated by paediatricians at this 
hospital. He was found to have a dilated cardio- 
myopathy associated with serological evidence of 
recent Coxsackie, virus infection and has been 
treated by cardiac transplantation. ‘His younger 
brother developed heart failure attributed to cardio- 
myopathy and died nearly two years after operation 
for closure of persistent ductus. The case of the 


12 year old boy will be reported by Dr Rosemary. 


Rayner who will describe the family history and dis- 


Notices 


“Electrocardiology in Amsterdam 


A symposium in honour of the late Professor Dirk 
Durrer on 35 Years of Electrocardiology in 
Amsterdam will be held at the Royal Tropical Insti- 
tute, Amsterdam, on 29 and 30 May 1986. Further 
information may be obtained from: Dr Frits L 
Meijler, Interuniversity Cardiology Institute, 
Catharijnesingel 101, 3511 GV Utrecht, The Neth- 
erlands. 


cuss the interrelation of genetic and environmental 
factors in the genesis of dilated cardiomyopathy. 

In our original article we stated that in our 
patient’s case there was no family history of heart 
‘disease. The purpose of this letter is to correct this 
statement retrospectively, in the light of these later 
developments. 


-M Honey, 
Brompton Hospital, 
Fulham Road, 
London SW3 6HP. 


Reference 


1 Hughes RAC, Kapur P, Sutton GC, Honey M. A case 
of fatal peri-partum cardiomyopathy. Br Heart ¥ 1970; 
32: 272-6. 


~ British Cardiac Society 


The Annual General Meeting for 1986 will take 
place in York on 2 and 3 April 1986, and the closing 
date for receipt of abstracts will be 2 January 1986. 


Br Heart F 1986; 55: 115-6 
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C]Two complete sets of the manuscript (including 2 
sets of figures) are submitted. 
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‘out on one side only on 22x28 cm (8% x11") 
opaque white bond paper with 3 cm margins all 
around. 


[|The manuscript is arranged as- follows: (1) title 
page, (2) summary, (3) text, (4) references (5) leg- 
ends, (6) tables. Pages are numbered con- 
secutively, beginning with the title page as page 1. 


The last name of the first author is typed at the top 
right corner of each page. 

Title page R 

OThe title and authors’ names with symbols (* ¢ ft 
etc) to indicate place of appointment are typed on 
the title page. 


[JNo more than three authors’ names are given for 
case reports. 


[The name and address of the institutions from 
which the work originated are included. 


(JThe full name, exact postal address with postal 
code, and telephone number of the author to 
whom communications, proofs, and requests for 
reprints should be sent are typed atthe bottom. 


Summary 
(JA summary (excluding statistical analyses) is 
typed double spaced on a separate page. 


|The summary is substantive rather than purely 
descriptive. 


(Abbreviations other than standard units of mea- 
surement are not used, 


Text 

(Abbreviations or acronyms are always written out 
in full (for example, ECG, electrocardiogram; 
LVH, left ventricular hypertrophy; CAD, coro- 
nary artery disease, MI, myocardial infarction). 


(Only units of measurement and mathematical for- 
mulas and calculations are abbreviated and they 
follow the form recommended in Uniform Re- 
quirements for Manuscripts Submitted to Biomedical 
Journals (Br Heart F 1984; 51: 1-6). 





(_JAppropriate headings and subheadings are pro- 
vided. 


[Every reference, figure, and table is-cited in the 
text in numerical order. (Order of mention in-text 
determines the number given to each.) 


(JAcknowledgments-and details of support in the 
form of grants, equipment, or drugs are typed at 
the end of the text, before references. 


References 

[ JReferences are identified in the text by arabic nu- 
merals; no more than three references are cited for 
any one statement. 


[References are typed double spaced on sheets sep- 
arate from the text (numbered consecutively in the 
order in which they are mentioned tn the text) in the 
Vancouver style. 


[Journal references contain inclusive page numbers; 
book references contain specific page numbers. 


{_|Citations of abstracts and letters are indicated in 
parentheses. 





[Personal communications, manyscripts in prepa- 
ration, and other unpublished data are not cited in 
the reference list but are mentioned in the text in 
parentheses. 


ClAbbreviations of journals conform to those used in 
Index Medicus, US National Library of Medicine. 
The style and punctuation of the references follow 
the format illustrated in the following examples: 

Journal: (list all authors if six or less; otherwise 
list first three and add-et al; do not use full stops 

after authors’ initials) 
31 Balcon R, Brooks N, Layton C. Correlation 
of heart rate/ST slope and coronary angio- 
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graphic findings. Br Heart ¥ 1984; 52: 
304-8. 
Chapter in book: 
28 Schiebler GL, Van Mierop LHS, Krovetz 
LJ. Diseases of the tricuspid valve. In: 
Moss AJ, Adams F, eds. Heart disease in 
infants, children and adolescents. Baltimore: 
Williams and Wilkins, 1968: 134-9. 
Book (personal author or authors) : (all book refer- 
ences should have specific page numbers) 
36 Feigenbaum H. Echocardiography. 3rd ed. 
Philadelphia: Lea and Febiger, 1981: 
549-63. 


Figure legends 

[C]Figure legends are typed double spaced on sheets 
separate from the text, and figure numbers corre- 
spond with the order in which figures are 
presented in the text. 


DAH abbreviations appearing on the figures are 
identified at the end of each legend. 


(_JWritten permission from the publisher and author 
to reproduce any previously published figures is 
included. 


Figures e > è 

L]Two sets of unmounted glossy prints (not origi- 
nals) of each photograph and drawing are submit- 
ted in two separate envelopes. 


[]Figures, particularly half tones and ECG tracings, 
have been submitted with the following guidelines 
in mind: the detail on the figure is sufficiently clear 
to withstand reduction; the maximum width for 


Checklist 


one column figures is 7 cm or 2%” and for two 
column figures 14 cm or 574” maximum; and spe- 
cial features are designated by arrows. 


[Black ink is used for all line drawings. Decimals, 


lines, etc must be strong enough for reproduction. 


(|The first author’s last name, figure number, and 
“top” are indicated on the back of each illustration 
in light black pencil, preferably on a gummed 
label. 


(Figure title and caption material appear in the 
legend not on the figure. 


(Figures are limited to the number necessary for 
clarity. (Estimates for colour work will be pro- 
vided on acceptance of the manuscript for publica- 
tion. All costs of colour printing will be charged to 
the author(s).) 


Tables 

(Tables are typed double spaced on separate sheets 
with the table number and title above the table and 
explanatory notes below. The table numbers are 
arabic and correspond with the order in which the 
tables are presented in the text. 


(JA footnote to each table identifying all abbrevi- 
ations used is provided. 


(JT ables are self-explanatory, and the data are fot 
duplicated in the text or figures. 


- [JWritten permission from the publisher and author 


to reproduce any previously published tables is 
included. 


British Heart Journal January 1986 XU 





Two new reference text- 

books dealing with coronary 

disease and acquired 
| 





valvular heart diseases. 


The most complete sources of 
up-to-date reliable information on 
these two main topics in 
cardiology. 


J.P. CACHERA, M. BOURASSA 
la maladie coronaire 

1985, 2° éd., 720 p., 193 fig. 

820,00 FF. 

J. ACAR 

les cardiopathies valvulaires 
acquises 

1985, 656 p., 317 fig., 820,00 FF. 


FLAMMARION MEDECINE-SCIENCES 
4, rue C. Delavigne - 75006 PARIS 





nance 











Swann-Morton Surgical Blades 


You can recognise a Swann-Morton together with a further seven 


handle by the distinctive circular developed by request and produced 
pattern. as a result of so many years as a 
leading world supplier of scalpel 


You can recognise a Swann-Morton blades 
scalpel blade by its initial sharpness ‘ 

and durability which is of a uniform Swann-Morton blades are available in 
maximum high standard. stainless or carbon 
Swann-Morton produce Qurann;-WMottaw steel in sterile 

all of the nine individual packs or 
universally accepted Swann-Morton Ltd.,  0"™Sterile in packs 


scalpel blade shapes Penn Works, Owlerton Green, © 7 
Sheffield, S6 2BJ, England. Tel: 0742 344231 











XIV 








Circulation 

A monthly devoted to clinical 
research and advances In the 
cardiovascular field 

Burton E Sobel, M D, Editor 


Circulation Research 

A monthly concerned with 
basic research in the cardio- 
vascular field Francois M 
Abboud, M D, Editor - 


Hypertension 

A bemonthly concerned with 
clinical and basic research in 
the hypertension field Edga 

Haber, MD, Edrtor 3 


Stroke 

A,journal of cerebral circu- 
lation, b-monthiy H J M 
Barnett, M D., Editor 


Arteriosclerosis 

A journal of vascular biology 
and thrombosis, bemonthly. 
Edwin L Bierman, M D, Editor 


Recurring Biblography 
of Hypertension 
Brmonthly, in cooperation 
with’ the National Library of 
Medicine 


U.S. $56 
Elsewhere : $72 


US. $86 


Elsewhere $105 


US. - $55 
Elsewhere $70 


US. $12 





British Heart Journal January 1986 





- U.S. Only* 
~ of Cardiovascular U.S." 
Disease i -Elsewhere $10 f 


Cardlovascular Nursing U.S. Onty* 
"Available through most Amencan Héart Association 
Affiliates A $ 2 


All Subscriptions annual—subsenptions accepted 
at any tme Postage included, airmail rates 
available upon request Special discount 50% 
available to research fellows, interns, residents and 
medical students in US, Canada and Mexico (Lst- 
ter from chairperson stating post held and comple- 
tion date is required to qualify for special discount } 


Orders for Japan must go through 


> Nankodo Co., Ltd. 
42-6 Hongo 3-chome 
Bonkyo-ku Tokyo JAPAN 


Orders for Europe must go through 


Bailliere Tindall 

1 St Anne's Road 
Eastbourne, East Sussex 
BN21 3UN ENGLAND 


Remittances should be made in US funds by 
check, draft, post office or express money order, 
payable to . 
American Heart Association 
7320 Greermillo Avenue 
Dallas, Texas 75231 








British Heart Journal January 1986 


XV 





This publication 
is available in 
microform. 


University Microfilms 

International reproduces this publication 

in microform: microfiche and 16mm or 35mm film. 
For information about this publication or any of the 
more than 13,000 titles we offer, complete and mail 
the coupon to: University Microfilms International, 
300 N. Zeeb Road, Ann Arbor, MI 48106. Call us 
toll-free for an immediate response; 800-521-3044. 
Or call collect in Michigan, Alaska and Hawaii: 
313-761-4700. 


O Please send information about these titles 








Name 


Company/Institution _— 





Address 
City 
State __ 


Phone | 










THE ROYAL COLLEGE OF 
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CARDIOTHORACIC SURGERY— 
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A diet of the Specialty Fellowship 
Examination in Cardiothoracic Surgery will 
be held on 29 April 1986 


Candidates who should hold a Diploma of 
Fellowship of a Surgical College or an 
equivalent Diploma are required to have 
three years’ post-Fellowship experience in 
Cardiothoracic Surgery of which one year 
must have been completed in an approved 
centre in the United Kingdom. Candidates 
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experience in the specialty including their 
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The application form, examination calendar 
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College of Surgeons of Edinburgh 
Nicolson Street, Edinburgh EH8 9DW 
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KILLINGBECK HOSPITAL, 
LEEDS 
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Competence in echocardiography will be as 
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pulsed and continuous doppler on most types of 
current equipment 


Course fee (£250) includes hotel accommodation 
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Spaces limited to enable personal tuition 


Applications and enquiries to Dr G Williams, Non- 
Invasive Unit, Killingbeck Hospital, Leeds U.K. 
(Tel. (0532) 648164, Ext. 372) 
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Recent Publications for Cardiologists from 
John Wright 


Cardiac Arrhythmias: Practical 
Notes on Interpretation and 
Treatment (2nd Edition) 


David H Bennett, MD MRCP, Consultant 
Cardiologist, Regional Cardiac Centre, 
Wythenshawe Hospital, Manchester 


A practical guide to the diagnosis, investigation and 
management of the main cardiac arrhythmias with 
particular emphasis on the problems commonly 
encountered in practice, 
This new edition has been extensively updated and 
expanded to take into account recent information and 
innovations, as well as suggestions which reviewers 
made on the first edition. The book covers new 
antiarrhythmic drugs, a substantial amount of new 
information about the older drugs, modifications in 
approaches to the management of ventricular 
arrhythmias (particularly in acute infarction) and 
important improvement in cardiac pacing. 
Elsewhere, changes in the text have been made to 
highlight areas where pitfalls are commonly made. A 
number of new ECGs and illustrations have been added 
and the quiz section has been increased in size. 
Of especial relevance to housemen, senior house 
officers and registrars in medical and anaesthetic 
specialities, as well as senior medical students, 
coronary and intensive care nurses 
Some Reviews of the Previous Edition: 
_.. a practical reference for junior hospital doctors and 
for staff concerned with arrhythmias and coronary care. 
British Journal of Hospital Medicine. 
Jam sure that this book will provide a most useful aid to 
anyone faced with an arrhythmia problem, and that it 
could find its way into many a houseman’'s pocket.” 
St Marys Hospital Gazette 





208 pages 22 line and 252 halftone illus September 1985 
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Electrocardiograms: 
A Systematic Method of 


Reading Them (5th Edition) 


Michael L Armstrong, MB BS Visiting Medical 
Officer in Cardiology, Professorial Cardiology 
Unit, St Vincents Hospital, Sydney 

This book provides logical step-by-step instruction on 
how to interpret electrocardiograms. It enables the 
reader to arrive at a diagnosis systematically and in such 
a way that no abnormality is likely to go unnoticed. It is 
suitable for the totally untrained as well as those with 
more sophisticated knowledge and those training as 
cardiologists. 


In this edition the text has been almost entirely rewritten 
and very considerably expanded. New sections on 
relevant basic physiology have been added, and the 
increasing use of artificial pacemakers has necessitated 
an entire new chapter on this subject. Most of the 
illustrations have been replaced and one hundred more 
have been added, so that there are now 292 
illustrations. 
Of interest to medical students, hospital residents, ECG 
technicians, and nursing sisters undertaking intansive 
and coronary care courses. 
Review of the previous edition: 
... quite the best | have seen for the beginner, and can 
be recommended unreservedly to all doctors who need 
to interpret ECGs . . . The illustrations are excellent, 
and the text outstandingly readable. 

The Practitioner. 
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A comprehensive survey of heart disease in the elderly 
patient, this multiauthored text contains contributions 
from eighty-four outstanding international authorities. 
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written by a recognised expert in his particular 
discipline. 
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Assessing the severity of valve stenosis 


O ODEMUYIWA, RJ C HALL 


From the Department of Cardtology, Royal Victoria Infirmary, Newcastle upon Tyne 


In the early days of cardiac catheterisation the pres- 
sure gradient was the main criterion for the esti- 
mation of the severity of valve stenosis. The gradient 
alone, however, is not a true reflection of stenosis 
since it is heavily dependent on the cardiac output 
and heart rate. Thus its use can lead to gross errors 
in the diagnosis of those severe valve lesions that 
considerably reduce cardiac output and hence pro- 
duce only a small gradient. This situation is not 
uncommon in end stage aortic stenosis, a condition 
in which correct diagnosis is essential because 
surgery can be life saving.’ Increases of left ventric- 
ular end diastolic pressure can confound mitral valve 
gradient measurements and also lead to under- 
estimation of severity even by experienced 
investigators.” A major advance in the assessment of 
valve stenosis came in 1951 when Gorlin and Gorlin 
derived the formula which related heart rate, pres- 
sure gradient, and cardiac output to valve area.? 
Several sources of inaccuracy became apparent as 
use of this formula increased. The hydraulic equa- 
tions from which the Gorlin formula was derived 
assume flow through an idealised orifice and not 
through the funnel shaped spout of a stenotic mitral 
valve. There are also theoretical deficiencies in the 
use of the square root of the mean pressure gradient 
instead of the mean square root of the instantaneous 
pressure gradients.* The formula depends on the 
accurate measurement of cardiac output, but each 
application of the Fick principle to this measurement 
has its unique sources of imprecision. Accurate pres- 
sure measurements are also important, and 
significant errors can be introduced first in the mea- 
surement of the pulmonary artery wedge pressure 
itself and also in its use as a substitute for left atrial 
pressure.* The Gorlin formula is also misleading in 
the presence of important regurgitation. Lastly the 
formula was verified by digital palpation at operation 
or in necropsy specimens neither of which could 
accurately represent valve dimensions in life. 
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The sources of inaccuracy in the Gorlin formula 
have been tackled either by direct measurements or 
indirectly by a mathematical approach. Valve areas 
have been measured directly with templates or 
sizers. These have been quite successful with the 
mitral valve, although there is uncertainty about the 
change in shape and size of an excised mitral valve 
without its subvalvar apparatus. Aortic valves are 
more difficult because they tend to be forced open, 
fragment, or crack during sizing. The indirect math- 
ematical approach is to try to derive new and more 
accurate equations based on solid theoretical founda- 
tions and more certain corroboration. A recent 
equation’ eliminates the diastolic filling period and 
uses a new constant, but it remains to be seen 
whether these will compensate for the limitations of 
measuring cardiac output and pressure. 

Although the validity of catheter data has largely 
been accepted without question it is apparent that 
the assumptions which underpin correlative studies 
are not true. The components of the so-called gold 
standard are themselves not made of gold and the 
quality of the standard must vary both between and 
within centres. Despite these limitations cardiac 
catheterisation has been central to the increasing 
understanding of the pathophysiology of cardio- 
vascular disease, and by serving as a reasonably 
reliable reference has spurred improvements in car- 
diac surgery and the interpretation of physical signs. 
Cardiac catheterisation is however expensive, time 
consuming, and sometimes dangerous,® and there- 
fore as non-invasive techniques have improved the 
focus has shifted to their use in assessing valve steno- 
sis. These techniques usually evoke an initial enthu- 
siasm that is followed by disappointment until some 
middle ground is found between these extremes. 

Echocardiography is the most useful and thor- 
oughly investigated of the non-invasive techniques. 
Early work on mitral stenosis examined particular 
variables in relation to findings at cardiac cath- 
eterisation or operation, and indices of severity 
such as the diastolic closure rate,? mitral valve 
closure index,!° and changes in left ventricular 
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dimensions’! !? were derived. These indices went 


through the usual sequence of evaluation and 
detailed study!? and were often the subject of acri- 
monious debate. In some eyes these and other stud- 
ies like them confirmed the echocardiogram as*a 
potential replacement for cardiac catheterisation,'* 
but others believe that the catheter laboratory is still 
the only source of accurate information.'* It was not 
clear how often the echocardiogram provided infor- 
mation not available from the clinical examination 
and simple tests (such as the electrocardiogram and 
chest x ray) and made a contribution to decisions 
about operation without catheterisation. This is 
important because as non-invasive techniques pro- 
liferate there is a tendency for patients to undergo an 
increasing number of investigations before the inev- 
itable ritual of catheterisation. One approach has 
been to simulate the diagnostic cascade.'®~!® It is 
estimated that about 70% of patients investigated for 
valve surgery may not need catheterisation because 
mild and severe disease could be accurately defined 
non-invasively. These studies also highlighted some 
of the difficulties such as the tendency for the echo- 
cardiogram to overestimate aortic stenois!® and the 
limitations of echocardiographic assessment of mod- 
erately severe mixed or multiple lesions. This latter 
category has proved the most difficult to assess by 
any of the current techniques including cath- 
eterisation because the definition of this group is still 
largely subjective.'® 

Along with developments in non-invasive cardiol- 
ogy has grown the inclination to derive new equa- 
tions that aim to improve assessment by incorpo- 
rating several variables in much the same way as the 
Gorlin formula. Such equations are based on the 
assumption of a precise, usually linear, relation 
between two or more physiological variables in a 
patient population. These relations may be applica- 
ble to group data, but there is a normal distribution 
of both physiological variables and their responses to 
other stimuli that may introduce doubt about 
applying them to individual patients. Such equations 
are often an oversimplification of the complex inter- 
play of these physiological and statistical consid- 
erations. Bennett’s formula which is one such 
equation!® assumes that since left ventricular wall 
stress is directly related to intracavitary pressure the 
degree of adaptive hypertrophy required to nor- 
malise this stress can be used to calculate the left 
ventricular systolic pressure. On page 155 of this 
issue Dancy has re-examined Bennett’s formula for 
the estimation of the peak pressure gradient in aortic 
stenosis and has arrived at two main conclusions.?° 
The first obvious but often neglected point is that the 
quality of the echocardiogram is of paramount 
importance. In the 42% of Dancy’s adult patients 
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who had very high quality echocardiograms the 
severity of aortic stenosis correlated more strongly 
with direct measurements of left ventricular wall 
thickness than with left ventricular mass or pressure 
derived from Bennett’s equation. Echocardiograms 
of less than this quality were no better than the elec- 
trocardiograms in assessing aortic stenosis and their 
value for predicting the severity of aortic stenosis 
was not improved by use of the Bennett formula. 
The second conclusion emphasises the fact that 
small errors even in the most careful measurements 
can be magnified several fold if variables are derived 
from formulas containing complex mathematical 
functions. A difference of as little as 1 mm in left 
ventricular dimensions changed calculated left ven- 
tricular pressure by 20 mm Hg. 

Dancy’s work highlights some of the basic 
dilemmas encountered when mediocre non-invasive 
data are compared with inaccurate catheter or sur- 
gical data. Image quality is relatively easy to define; 
less definite but probably as important are the skill, 
care, and experience that among other 
imponderables constitute the “quality” of non- 
invasive and catheter data. The weakness of cor- 
relative studies that include such data is therefore 
obvious. These studies often use independent 
observers tc reduce bias but then reintroduce incon- 
sistency in settling differences of opinion by the 
doubtful concept of consensus. This may provide 
coefficients of variation which are sound in scientific 
terms for group data but are probably of little rele- 
vance to the clinician and the individual patient. It 
follows that most of the assumptions about accuracy 
are illusory. In making decisions the clinician neéds 
to know how much value to place on a particular 
measurement and therefore it is the 95% confidence 
limits that are important. A variable with a relatively 
narrow confidence limit is more useful in dis- 
tinguishing normal values from abnormal ones and 
in grading severity of disease than one with wider 
limits. One way of establishing these limits is to 
study the reproducibility of these measurements”! ?? . 
and echocardiography is ideal in this respect because 
it can be repeated many times without risk to the 
patients. Doppler echocardiography also needs to be 
studied in this way as it is still in its excellent cor- 
relative phase?? 7+ and its limitations are yet to be 
established. The reproducibility of the catheter data 
against which non-invasive data are compared has 
been virtually unchallenged because the technique 
does not lend itself to this approach. Reproducibility 
studies will need to be performed in each centre and 
reviewed as experience is gained in using the tech- 
nique. The emphasis must be on striving for high 
quality images and poor data should be discarded. 

More studies simulating the diagnostic cascade are 
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required to identify the relative merits of these 
investigations and thus avoid tedious, expensive, and 
time consuming duplication. Non-invasive tech- 
niques can then be used not as a wholesale replace- 
ment for cardiac catheterisation but as a substitute in 
cases where they establish the diagnostic and ther- 
apeutic situation beyond doubt. 
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Relation between coronary anatomy and serial 
changes in left ventricular function on exercise: 
a study using first pass radionuclide angiography 


with gold-195m 
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ROWORTH A J SPURRELL 
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SUMMARY Serial changes in left ventricular function on exercise were assessed by first pass radio- 
nuclide angiography with gold-195m (half life 30-5 s) in 25 men with known coronary anatomy. 
In the seven patients with three vessel disease, abnormalities of global left ventricular function 
and regional wall motion occurred earlier during exercise, were of greater extent at peak exercise, 
and persisted longer after exercise than in the 11 patients with one and two vessel disease or the 
seven with normal coronary arteries. Although there were significant differences between the 
groups in absolute change in ejection fraction and the rate of change in ejection fraction related 
to exercise duration and heart rate, a considerable overlap of values between groups precluded the 
accurate prediction of coronary anatomy in individuals. 

These data suggest that the amount of myocardium at risk from ischaemia in some patients with 
one and two vessel disease may resemble that in patients with three vessel disease. This study 
shows that an anatomical classification based solely on the number of diseased vessels will not 


predict the extent of the impairment of left ventricular function on exercise. 


Patients with coronary artery disease develop 
impairment of left ventricular function on exercise, 
and the extent of this dysfunction can be assessed by 
radionuclide angiography.' ? Peak exercise is neces- 
sary to maximise the sensitivity of both the first pass 
and gated equilibrium techniques.** It may be, 
however, that imaging at stages before and after peak 
exercise could increase the diagnostic precision. 
Recent data from exercise electrocardiography 
have suggested that coronary anatomy can be accu~ 
rately predicted by assessment of the changes in ST 
segments related to heart rate (the ST/HR slope) as 
an index of developing ischaemia.* Since radio- 
nuclide angiography will estimate the degree of 
developing ischaemia by the changes in ejection 
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fraction and regional left ventricular wall motion, it 
might be expected that a functional index derived 
from these data could predict the extent of coronary 
disease if such changes were solely related to the 
number of diseased vessels. 

First pass radionuclide angiography can assess 
rapid changes in left ventricular function, and the 
development of gold-195m,° a radioisotope with an 
ultra short half life, and its validation for use in man” 
means that multiple rapid sequential studies of left” 
ventricular function are now feasible. This study 
was designed to assess the time course of changes in 
left ventricular function during and after exercise 
and to see how this might be related to the anat- 
omical extent of coronary artery disease. 


Patients and methods 


STUDY POPULATION AND EXCLUSIONS 
Twenty five non-consecutive male patients were 
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selected on the basis of their coronary anatomy. 
They had been referred to the cardiac department 
for assessment of chest pain and had the usual clin- 
ical indications for coronary angiography. All were 
in sinus rhythm, no patient had clinical congestive 
cardiac failure, and those with an impaired resting 
ejection fraction (<40%) were excluded. Patients 
with evidence of previous myocardial infarction 
were not excluded provided their resting ejection 
fraction was 240%. 


CORONARY ARTERIOGRAPHY 

Cardiac catheterisation was performed within two 
months of the radionuclide study by either the 
Sones’s or Judkins’s techniques. The coronary anat- 
omy was assessed by an experienced observer who 
did not know the result of the radionuclide study. 
Multiple views of each coronary artery were assessed 
and the extent of “surgically” important disease 
(luminal narrowing >50%) in one or more major 
arteries was noted. On this basis the patients weré 
assigned to groups with (a) normal coronaries, (b) 
one and two vessel disease, and (c) three vessel dis- 
ease. No subject in the group with normal coronaries 
had any obstructive lesions. In addition the coronary 
anatomy was assessed by means of a weighted coro- 
nary index® with a score of 1 being normal and a 
progressive decline to 0 as obstruction increased. 


RADIONUCLIDE ANGIOGRAPHY 

All antianginal medications except sublingual 
nitrates were discontinued for at least 48 hours 
before the study; beta adrenergic antagonists were 
discontinued for at least 72 hours before the 
study.?/° Exercise first pass radionuclide angio- 
graphy was performed in the upright anterior poste- 
rior projection with a Baird Atomic System 77 
multicrystal gamma camera.'! An 18 gauge cannula 
was inserted into a large vein in the antecubital 
fossa and for each imaging point 15-20 mCi 
(550-750 MBq) of gold-195m was injected by means 
of a rapid 20 ml saline solution flush. The portable 
mercury-195m/gold-195m generator (AERE, Har- 
well, England) has been described elsewhere.® Data 
were collected for 30s with 30 ms framing intervals, 
and they were corrected for instrument dead time, 
crystal non-uniformity by means of a mercury-203 
uniform flood, and rapid decay of the isotope. 

Left ventricular ejection fraction was calculated 
from high frequency time-activity curves by a semi- 
automated technique. Regional wall motion was 
derived from count-based regional ejection fraction 
images.’? Each image was assessed by an experi- 
enced observer who was unaware of the results of the 
coronary angiogram, The ventricle was visually 
divided into three equal segments—inferior, apical, 
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and anterior. Regional wall motion was displayed by 
means of a 16 point colour scale for 100% to 0%, 
each colour representing 6-25%, and a segment was 
deemed to be abnormal if at least half of its border 
had a regional ejection fraction of <50%.1! 


EXERCISE PROTOCOL 

Patients performed maximal graded bicycle exercise 
in the upright position on an hydraulically braked 
bicycle ergometer (Fitron). Patients were imaged at 
rest and then started to cycle at a workload of 
400 kpm/minute (67 W) and this was increased by 
200kpm/minute (33 W) every two minutes until 
peak exercise was reached. Patients were imaged at 3 
minutes, at 6 munutes, and then at peak exercise. 
They were then instructed to continue exercise at as 
high a workload as possible for a further 2 minutes 
and they were then imaged as they stopped cycling 
immediately after exercise. They were then maged 
again 2 minutes after exercise. The electro- 
cardiogram (lead II) was monitored throughout the 
test and pulse rate and cuff arterial pressure were 
measured at each imaging point. 


RADIATION DOSIMETRY 

Subjects who completed the entire study received a 
maximum of six boluses of gold-195m (approxi- 
mately 4500 MBq). We have assessed the radiation 
burden for this level of exposure from the Harwell 
mercury-195m/gold-195m generator to be 150 
mrem to the kidneys, 17mrem to the gonads, and 
35 mrem to the whole body, based on a mercury-195 
breakthrough of <0-01%. The equivalent burden 
from 1800MBq of technetuum-99m, as per- 
technetate, which would be sufficient for only three 
studies, is 3500 mrem to the kidneys and 350 mrem 
to the whole body. 


STATISTICAL METHODS 

Statistical analysis was performed by the paired 
Student’s t test and Wilcoxon matched pairs signed 
ranks test to compare changes within a group, and 
the Mann-Whitney U tests and y? test, as appropri- 
ate, for comparisons between groups. A p value of 
<0-05 was regarded as significant. 


Results 


AGE AND HAEMODYNAMIC VARIABLES AT 
REST AND ON EXERCISE 

Table 1 shows the means (SD) of the ages and hae- 
modynamuc variables in each of the groups. The ages 
of the groups were not significantly different, and 
the only haemodynamic difference between groups 
was that peak exercise heart rate was significantly 
lower in those with three vessel disease than in the 
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Table 1 Rest and peak exercise characteristics (mean (SD) ) of the groups 





Age RHR R SBP 

(yr) (bpm) (mm Hg) 
Normal corónaries 49 (10) 78 (17) 124 (16) 
1+2 vessel disease 53 (5) 85 38 144 3) 
3 vessel disease 50 (6) 69 (12) 137 (21) 


RDP Ex HR Bx SBP Ex DP Bx Dur 
(x107?) (bpm) (mmHg) (x107?) {min) 
96 (20) 161 G 174 es 282 (56) 7-2 La 
124 on 148 (22 187 (38) 280 (76) 58 (1-1)* 
95 (27) 140 * 172 (22) 242 (61) 5-1 (1 8)* 





+p <0 05 os those with normal arterica 


Bice Re pes eerie: FIR tosses canes SBP earail biod prendre; DP, double product of heart rate x blood pressure; Dur, duration. 


group with normal coronary arteries (p<0-05). 
There was, however, no significant difference in the 
double products or the change in heart rates between 
the groups. Not surprisingly the main difference 
between the groups was in the duration of exercise. 
Patients without important coronary disease were 
able to exercise for significantly longer than those 
with coronary disease (p<0-05). Five of the seven 
with normal coronary arteries but only six of 18 with 
coronary disease could exercise for 6 minutes or 
more. 

The mean coronary score in the subjects with 
coronary artery disease was 0-41 (0-20) and ranged 
from 0-09 to 0-7. The score for the one and two ves- 
sel group was 0-48 (0-16) and for the three vessel 
group it was 0-29 (0-20) (p<0-05). 


SERIAL CHANGES IN EJECTION FRACTION 
DURING EXERCISE AND AFTER EXERCISE 
Figure 1 shows the mean left ventricular ejection 


m Normal coronaries 

@ 1and 2 vessel disease 
A 3 vessel disease 
*#p<0-05 vs rest 


Ejection fraction (%) 
uw ao 
t>] 5 


ag 
O 





30 
Rest 3min 6min Peak Ip 2min 
e Exercise stage ——— agter 


Fig.1 Mean eection fraction of the three groups at each 
stage. Ip, immediately after exercise, 


fractions in each group at various imaging stages. In 
those with normal coronary arteries mean ejection 
fraction was maintained and tended to rise during 
exercise. Ejection fraction at rest was 60 (3)% (mean 
(SD)) and rose to 65(10)% at peak exercise (p, not 
significant). Two minutes after exercise the ejection 
fraction (68(6)%) significantly (p<0-01) exceeded 
the resting value. ‘ 

In the group with one and two vessel disease the 
ejection fraction fell during exercise with maximum 
depression occurring at peak exercise (58(10)% vs 
47(10)%, p<0-01). Mean ejection fraction had 
returned to the resting level as the patient stopped 
cycling, immediately after exercise; and by two 
minutes after exercise the ejection fraction had 
significantly rebounded above the resting level to 
64(8)% (p<0-05). Nine of the subjects showed this 
response. 

The group with three vessel disease, like those 
with one and two vessel disease, showed significant 
falls in ejection fraction on exercise, again with the 
maximum fall at peak exercise (57 (12)% vs 35 (8)%, 
p<0-001). In contrast with the group with one and 
two vessel disease the ejection fraction remained 
depressed immediately after exercise (44(9)%) 
(p<0-05 vs rest), and there was no significant 
rebound increase in ejection fraction in this group 
two minutes after exercise. A typical example of the 
images in this group is shown in Fig. 2. At any given 
stage the depression in ejection fraction was greater 
in the group with three vessel disease than in the 
group with one and two vessel disease. 

Table 2 shows the mean (SD) of the ejection frac- 
tions at all the stages in each of the groups. As dis- 
cussed above there were significant intragroup 
changes during and after exercise when compared 
with the resting level. There was no significant 
difference in the resting ejection fractions between 
groups. On exercise, however, ejection fraction was 
significantly depressed in the patients with coronary 
disease when compared with those without. Imme- 
diately after exercise only those with three vessel 
disease were different from those without coronary 
disease. Their mean ejection fraction was also 
significantly lower than that in the group with one 
and two vessel disease. There was no significant 
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THREE VESSEL 





Fig.2 Studies in a patient with three vessel disease. The images show the end diastolic perimeter enclosing the end 
image. HR, heart rate; BP, blood pressure; EF, ejection fraction. R, rest; 3', 3 minutes exercise; P, peak exer 
immediately after exercise; 2'p, 2 minutes post-exercise 


difference between the groups 2 minutes after exer- disease had a significantly higher propor 
cise. At peak exercise patients with three vessel dis- abnormal responses at 6 minutes, at peak e 
ease also had a significant reduction in ejection and immediatly after exercise than p 
fraction compared with those who had one and two normal coronaries. In the group with 
vessel disease. disease the difference was significant at 3 n 
An abnormal ejection fraction response was peak exercise, and immediately after exercis 
defined as a fall in ejection fraction of >5°% below gesting that abnormalities in global left ven 
the value at rest. Table 3 shows the proportion of function tended to occur earlier in this groug 
patients in each group who had an abnormal those with one and two vessel disease 
response. Only one of the patients with normal coro- 
naries had an abnormal response and this was a tran- CHANGES IN REGIONAL WALI 
sient fall of 5%, from 63% to 58%, after 3 minutesof DURING AND AFTER EXERCISE 
exercise. Subsequently his ejection fraction returned Table 4 shows the proportion of abnorma 
to the level at rest. In contrast a large proportion of ateach of the imaging stages. At rest one « 
patients with coronary disease had abnormal with normal coronary arteries had a single 
responses, and this was related to the extent of the abnormality, whereas five of the 11 with one ar 
disease. The intergroup difference in proportion of vessel disease had abnormal segments, and 
patients with an abnormal response at the various seven with three vessel disease had a sing 
stages is as shown. Patients with one and two vessel mental abnormality (p not significant 








M€ 

















Table2 Ejection fractions (means (SD in the groups at various stages of exercise 
Rest Exercise ifter 
3 min 6 min Peak Immedia 
Normal coronaries 60 3 60 (6 65 (9 65 (10 64 (€ g 
1 +2 vessel disease 58 (10 51 (10)*ł 46 (12)t 47 (10)*t 57 (11 i 
3 vessel disease 57 (11 42 (9)*T 39 (1)t 35 (8)* tt H (9)* 








*p < 0-05 vs rest value (paired z test); tp<0-05 vs normal and ¢{p<0-05 vs 1 +2 vessel disease (Mann-Whitney l 
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Table 3 Proportion of subjects in each group with an abnormal ejection fraction response (fall of œ 5%) to exercise ži sach 


stage compared with rest ~ 
Stage Normal coronartes 
3 min exercise O14 
6 mun exercise œ00' 
exercise 000 
Immediately after exercise 000 ¢ 1 
2 nun after exercise | 0-00 | 


-1+2 vessel disease 


045 071* 
0-66* 100 
073* 100* 
0 45* O-71* 
000 © 014 


At 6 min exercise the result for those with three vessel disease fails to reach statistical significance; however, the number of subjects who 


reached that stage was, small. *p<0-05 us normal coronaries (x? test). 


At 3 minutes of exercise the seven with normal 
coronary arteries had developed a total of six abnor- 
mal segments, whereas the 11 with one and two 
vessel disease had developed 16 segmental abnor- 


malities (p not significant vs normal), and the seven . 


with three vessel disease had developed 16 abnor- 
malities (p<0-01 vs normal, p< 0-05 vs one and two 
vessel disease), 


At 6 minutes and at peak exercise segmental: 


abnormalities present early in exercise in those with 
normal coronary arteries tended to resolve, such that 
only three segments remained abnormal at peak. In 
contrast, in the subjects with coronary disease 
segmental abnormalities invariably became worse 
during exercise (p<0-01 vs normal arteries). In the 
group with one and two vessel disease there were 
segmental abnormalities at peak exercise in all but 
one patient and only one other had less than two 
abnormal segments. In those with three vessel dis- 
ease all segments except one were abnormal at peak 
exercise. Immediately after exercise, despite the 
return of the mean ejection fraction to control levels 
in the one and two vessel group, segmental wall 
motion abnormalities were present in seven of 11 
subjects and this result was significant (p<0-01) 
when compared with the group with normal coro- 
nary arteries. All the group with three vessel disease 
showed persistent wall motion abnormalities imme- 
diately after exercise and in three subjects these per- 
sisted after 2 minutes’ recovery. One of these 
subjects, who subsequently was found to have a left 
main stem stenosis in addition to three vessel dis- 
ease, had persistence of segmental abnormalities in 
three segments. 

In the groups without three vessel disease, there 
were fewer segmental abnormalities after exercise 
than before it. This pnenomenon, improvement in 
resting wall motion abnormalities after exercise, has 
been reported before. !? 


RELATION BETWEEN THE DERIVED RATES OF 
CHANGE IN LEFT VENTRICULAR FUNCTION 
AND THE EXTENT OF CORONARY DISEASE 
Two indices of rates of change in left ventricular 


function during exercise were derived. The first was 
a relatively simple measure of total change in ejec- 


` tion fraction from rest to peak exercise divided. by 


the exercise duration—this gave an -overall rather 
than an “instantaneous” rate of change. Figure 3 
shows the results of these calculations for each 
group. The rates were 0-631 (0-982)%/min for those 
with normal coronary arteries, — 2-09 (1-78)%/min 
for those with one and two vessel disease (p <0-01 ws 
normal), and —4-76 (2-88)%/min‘ for those with 
three vessel disease (p < 0-001 os normal and p<0-05 
vs one and two vessel disease). Although there were 
highly significant differences between the ‘groups 
there is considerable overlap, particularly between 





p<0-001 
p<0-01 p<0-05 S 
l aaa l 


° 

-6 8 

~8 SD 
mean 

e 

~10 Si 
Normal 1+2 vessel 3 vessel 
coronanies disease tsease 


Fig.3 Rate of change of ejection fraction to peak exercise 
( A EF(Peak)[T peak) ın the three groups. Means, SD, 
and p values are shown. 
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Table 4 Proportion of abnormal ventricular regional segments at each of the imaging stages in the three groups 


nen eee aaa 


142 vessel disease 3 vessel disease 





Stage Normal coronaries 
Rest 0-05 
3 min exercise 0-29 
6 min exercise 0-20 
Peak exercise 0-14 
Immediately after exercise 0-05 
2 min after exercise 0-00 


0-18 O19 
0-48 0-76*F 
0-67* 1-00* 
0-73* 0-05" + 
0-39* O-71*+ 
0-06 0-24* 


aanas a a a 
The left ventricle was divided into three equal segments (inferior, apical, and anterior) and these were deemed to be abnormal if over half 
of the border had a regional ejection fraction of <50% . *p<0-05 vs normal; tp <0-05 vs 1 +2 vessel disease (x? rest). 


those with normal coronary arteries and those with 
one and two vessel disease and between those with 
one and two vessel disease and those with three ves- 
sel disease. One of the results in the group with three 
vessel disease was considerably more negative than 
the others and this may have biased the mean lead- 
ing to a spurious significant difference when these 
results were compared with those in patients with 
one and two vessel disease. 

We examined another index of rate of change of 
ejection fraction. This was the relation between the 
rate of change in heart rate derived for each stage of 


p<0-01 


0-2 p<0-05 p<0-05 


i joc 


e 
AA -04 
t LJ 
ð 
= 
-0-6 
-0-8 
SD s 
mean 
-40 
Normal 1*%2 vessel 3 vessel 
coronaries disease disease 


Fig.4 Maximum negative (or minimum positive) change 
of ejection fraction related to change of heart rate 

(SEF) AHR) in the three groups. Means, SD, and p values 
are shown. 


exercise and the maximum negative or minimum 
positive value noted for each subject. This particular 
index was chosen because it resembles the ST/HR 
slope used by some investigators for analysis of 
exercise electrocardiograms to determine the ex- 
tent of coronary disease. The rates were 
0-0122 (0-0736)% /bpm for those with normal coro- 
nary arteries, —0:19(0-156)%/bpm for those with 
one and two vessel disease (p < 0-05 vs normal), and 
— 0-407 (0:286)°%/bpm for those with three vessel 
disease (p<0-01 vs normal and p<0-05 vs one and 
two vessel disease) (Fig. 4). As with the first index, 
although there were significant differences between 
the groups, the degree of overlap would preclude the 
use of either algorithm to predict accurately the 
extent of coronary disease in individuals. 

Both indices were also compared with the coro- 
nary score in those subjects with coronary artery dis- 
ease. There was no significant correlation between 
the coronary score and either index. In addition the 
coronary score was not related to exercise duration 
or change in ejection fraction. To see whether the 
coronary score in itself was a better predictor of 
functional change on exercise we examined the 
results in two groups—those with a high score of 
> 0:4 (n=10) and those with a low score of <0-4 
(n=8). There was no significant difference in overall 
change in ejection fraction at peak exercise in the 
two groups (—14(11)% in the high group versus 
—17(11)% in the low group). The values for the 
first index were —2:8(2:4)%/min for high group 
and ~—3-5(2-9)%/min in the low group (p not 
significant). For the second index the cor- 
responding figures were —0-26(0-24)%/bpm and 
— 0:29 (0:24)°% /bpm respectively (p not significant). 


Discussion 


Radionuclide angiography is an accepted method for 
the assessment of patients with chest pain and sus- 
pected coronary artery disease.' 2 Although coro- 
nary angiography is the universally accepted stan- 
dard by which non-invasive techniques are judged, 
it has its limitations. First it is an invasive technique 
that may cause morbidity and mortality,'* and 
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seondly it provides information about anatomy 
rather than function. 

Exercise testing in patients with coronary disease 
produces impairment of left ventricular function 
which reflects the extent of ischaemia. Therefore 
non-invasive methods that can quantity changes in 
left ventricular function provide information on the 
magnitude and rate of development of ischaemia. 

It is possible to study left ventricular function at 
various stages of exercise by means of equilibrium 
gated radionuclide angiography, but the time 
required for data acquisition, two minutes at least, 
will blur any rapid changes. First pass studies, in 
which transit of radioisotope through the left heart 
lasts for only a few seconds, can be used to assess 
rapid changes in left ventricular function, but an 
injection of radioisotope is required at each imaging 
point. Thus radiation exposure constrains the 
number of injections to a maximum of three per 
study of conventional technetium-99m based 
radiopharmaceuticals. The development of radio- 
pharmaceuticals with ultrashort half lifes® has meant 
that not only the extent, but also the time course of 
changes in function on exercise may be studied. If 
the magnitude or rate of development of functional 
impairment were directly related to the coronary 
anatomy it might be possible to predict the extent of 
coronary disease by examining the time course of 
these changes. 

In this study a group of patients who had a clinical 
indication for coronary angiography and relatively 
preserved resting left ventricular function were 
studied by multiple rapid sequential first pass radio- 
nuclide angiography with gold-195m. There were 
no significant differences in terms of age, resting 
ejection fraction, and resting and exercise hae- 
modynamics between patients with normal coronary 
arteries and those with mild or severe coronary dis- 
ease. Subjects with normal coronary arteries exer- 
cised for significantly longer than those with coro- 
nary disease, and they tended to maintain or increase 
their ejection fraction throughout exercise, with a 
significant rebound of ejection fraction above the 
level at rest after exercise. This rebound has been 
previously documented both after bicycle? !5 and 
treadmill exercise,'® and is thought to be due to sud- 
den reductions in afterload and heart rate on cessa- 
tion of exercise coupled with a maintained metabolic 
requirement that leads to an increase in stroke 
volume and hence ejection fraction.* 

In patients with one and two vessel disease there 
was a significant fall in ejection fraction on exercise 
with the maximum fall being at peak exercise. In this 
group there was a rapid return of ejection fraction to 
the resting level immediately after exercise and a 
rebound above the rest level at two minutes. 
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In the group with three vessel disease, ejection 
fraction fell throughout exercise. Again the fall was 
maximal at peak exercise. In this group the fall in 
ejection fraction was greater at each stage than in 
those with one and two vessel disease. These 
patients still showed abnormalities after exercise and 
some of the group were abnormal even after two 
minutes of recovery, 

These data suggested that patients with varying 
degrees of coronary obstruction could be dis- 
tinguished by their ejection fraction response to 
exercise, but there was some overlap between the 
groups. The rebound in ejection fraction during 
recovery noted above seems unrelated to the type of 
exercise since it has been reported for supine!> and 
upright bicycle exercise’? and treadmill exercise.'® 
Furthermore, lack of rebound seems to be associated 
with an increased likelihood of ischaemic pain dur- 
ing exercise and, as confirmed by this study, more 
extensive coronary disease. 

Further assessment of regional wall motion also 
showed significant differences between the groups. 
Subjects with three vessel disease tended to develop 
segmental abnormalities early and these persisted 
longer after exercise than in the other groups. Again 
despite these significant differences the overlap in 
results in the individual subjects precludes definite 
anatomical diagnosis. 

These data suggested that subjects with more 
extensive coronary artery disease had a greater like- 
lihood of developing changes in global ejection frac- 
tion or regional wall motion early in exercise than 
subjects with less severe disease. This complements 
a previous study of exercise electrocardiography in 
which a positive test occurring early during exercise 
has been shown to be associated with more extensive 
coronary artery disease and a worse outcome,!’ 
Thus the rate of change in ejection fraction might 
allow better discrimination of the extent of coronary 
disease than the overall change in ejection fraction at 
peak exercise. Because of this we also assessed two 
indices of the rate of change in ejection fraction. In 
the first a measure of the overall rate of change of 
ejection fraction was derived. This showed that 
there were significant differences between the 
groups but that there was considerable overlap of 
individual values. 

The second index related the maximum fall in 
ejection fraction to changes in heart rate. This was 
chosen to be analogous to the exercise electro- 
cardiographic ST/HR slope that has been reported 
to predict coronary anatomy by some workers 
but not others.!® Although there were significant 
differences between the groups, again there was a 
considerable overlap of values. The relation between 
these indices and a widely used coronary score® 
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again failed to predict the extent of coronary disease. 

The data from both these indices (Figs. 3 and 4) 
show that there is a general relation -between the 
extent of coronary artery obstruction and the degree 
of functional impairment on exercise. The extent of 
overlap between those with severe and less severe 
coronary artery disease is not surprising. If the 
degree of ischaemia were related solely to the num- 
ber of diseased vessels, ignoring the vessel domi- 
nance, number, site, severity and length of the 
lesions, and the presence of collaterals, this would be 
an example of almost unique biological homoge- 
neity.19 ; 

The first index, which relates change in ejection 
fraction to exercise duration, may be suitable for use 
in studies in which gold-195m is not available. It 
may be that further studies will extend the accuracy 
of this index by generation of an algorithm relating it 
to the anatomical extent of coronary disease. The 
second index, which is based on heart rate change, 
may also be adapted to conventional studies, and it 
might be of use when the heart rate response is 
attenuated as it is in subjects who are unable to exer- 
cise maximally. Both indices may also be of use in 
the more accurate assessment of myocardium in 
jeopardy from ischaemia. Indeed outcome in 
patients with coronary artery disease is more closely 
related to an index of coronary artery jeopardy, and 
hence myocardium at risk, than to the number of 
diseased vessels.7° 

The failure of any of these direct or derived indi- 
ces of changing left ventricular function on exercise 
to predict accurately the number of diseased coro- 
nary vessels suggests a discrepancy between func- 
tional and anatomical assessments of the extent of 
ischaemic heart disease. Because changes in ejection 
fraction on exercise are affected not only by the 
development of ischaemia but also by changes in 
preload and afterload there are reservations about 
the usefulness in the diagnosis of coronary disease of 
a single measure of left ventricular ejection fraction 
during exercise. None the less an assessment of the 
amount of myocardium at risk remains the single 
most prognostically useful measurement in these 
patients.” 

Prognosis in patients with three vessel disease can 
be altered by coronary artery bypass surgery,** and 
indeed the present study has shown that as a group 
these patients do have more myocardium at risk 
from ischaemia. In some patients with three vessel 
disease, however, left ventricular function on exer- 
cise is preserved, and in such patients the prognosis 
without surgery is good.?? It may be that those who 
have jess than three vessel disease but who have 
functional impairment similar to those with three 
vessel disease are at higher risk and would therefore 
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benefit from revascularisation. This hypothesis 
requires further study. Data to support this have 
come from a long term prospective trial of coronary 
artery surgery which suggested that the long term 
outcome in some patients with two vessel disease is 
similar to that in patients with three vessel disease.?3 
If this is subsequently confirmed then the non- 
invasive assessment of left ventricular function at 
rest and exercise may, in the future, be as important 
ag coronary anatomy in the selection of patients who 
will benefit from coronary surgery. 


Dr Caplin is supported by the British Heart Foun- 
dation. 
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Potential errors in the estimation of coronary arterial 
stenosis from clinical arteriography with reference to 
the shape of the coronary arterial lumen 


A C THOMAS,* MJ DAVIES,* S DILLY,+t N DILLY,{ F FRANCS 


From the Department of Histopathology, * British Heart Foundation Cardiovascular Unit and TDepartment of 
Anatomy, St George’s Hospital Medical School, London; +Department of Histopathology, Royal Marsden 
Hospital, Sutton; and §Institute of Physics, Czechoslovak Academy of Science, Prague, Czechoslovakia 


SUMMARY Underestimation of coronary arterial stenosis at clinical arteriography has been 
explained by inadequate radiological views of crescentic or slit-shaped lumens. Postmortem 
perfusion-fixation of the coronary arteries at physiological pressures shows that most stenotic 
lesions result in circular, elliptical, or D-shaped lumens. Crescentic lumens in fully distended 
vessels are associated only with acute mural thrombus projecting into the lumen or with massive 
intra-intimal thrombus and plaque fissuring. Elliptical and D-shaped lumens, however, 
adequately explain the clinically observed phenomenon that some stenotic lesions can be seen 
only in one x-ray plane and not in another. It is no longer correct to postulate a crescentic or 
slit-like lumen. Furthermore, not only can elliptical and D-shaped lumens result in 
underestimation of stenosis, they may also result in serious overestimation. Lumens need only to 
deviate slightly from being circular for error to be introduced into the estimation of stenosis by 
currently used methods. The calculation of percentage stenosis from densitometric 
measurements or from computerised reconstruction of the arterial lumen is, however, more 
accurate. 


The estimation of coronary arterial stenosis from 
clinical arteriography is usually made by comparing 
the diameter of the coronary lumen at the point 
of stenosis with that of an adjacent presumably 
normal arterial segment in the radio-opaque contrast 
filled artery (percentage stenosis by diameter). It is 
widely accepted that such measurements may 
underestimate the degree of arterial stenosis if one 
plane only is available for examination. The usual 
explanation given is that the residual coronary 
arterial lumen is slit-like or crescentic in shape.' ? 
These explanations derive from widespread 
illustration of irregularly shaped lumens in standard 
textbooks and from the common belief that 
atheromatous plaques bulge into the lumen. 
Histological sections depicting such irregular shapes Fig. 1 





: Histological cross section of atherosclerotic coronary 
are, however, obtained from material that has been artery fixed in the undistended state. The atheromatous 
plaque (P) appears to project into the lumen (L) and this 
results in an apparently crescentic lumen. The wavy outline 
of the internal elastic lamina (IEL ) indicates fixation in the 
undistended state. M, media. Elastic haematoxylin and eosin 
Accepted for publication 1 October 1985 x 45 (original magnification). 
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Fig. 2 


Cross sections of four manipulated glass tubes (A to D) transected at maximum points of stenoses to 


show residual ovoid lumens compared with cross section of normal unmanipulated glass tube with circular 


lumen. 


fixed and processed in the undistended state (Fig. 1). 
Crawford and Levene in 1953 showed that the 
“raised fibrofatty plaque? was somewhat of a 
misnomer and that though atheromatous plaques in 
arteries fixed in complete distension reduced 
luminal cross sectional area they did not project into 
the arterial lumen as a hump with well defined 
margins but appeared en face as changes in 
consistency and colour.? Other workers later 
confirmed this finding and concluded that most 
diseased arterial segments had circular lumens and 
that crescentic lumens were rarely seen.*~’ 
Percentage stenosis in histological sections is usually 
calculated from vessel and lumen perimeters 
assuming these to be circumferences of circles in 
calculating cross sectional area. This method 
overcomes any distortion introduced by 
undistended vessels and in the production of a 
histological section but might introduce important 
errors if indeed the lumens are not circular. 

The objects of the present study were to 
investigate the shape of the diseased coronary artery 
lumen, to prove conclusively whether or not 
crescentic and slit-like lumens occur in fully 
distended diseased coronary arterial segments, to 
observe the effects of luminal shape on estimation of 
coronary artery stenosis, and to explore alternative 
more accurate methods for such estimation. 


Materials and methods 


DETERMINATION OF THE CORONARY ARTERIAL 
LUMEN SHAPE 

The hearts of nine patients who died of ischaemic 
heart disease were perfused-fixed at either 100 or 
150 mm Hg with 10%, formol saline by tying a large 
cannula into the aortic root. Under pressure the 
normal aortic valve closes and the coronary arteries 
are perfused-fixed in the fully distended state.” After 
perfusion-fixation for 24-48 hours, postmortem 


angiography was carried out by injecting a warm 
suspension of 5°, gelatin/barium sulphate at a 
pressure corresponding to the perfusion-fixation 
pressure and allowing this to solidify within the 
coronary lumen. This technique allowed localisation 
of stenotic lesions by x-ray examination and 
supported the arterial wall during the subsequent 
processing to produce histological sections, a 
process which may cause considerable distortion of 
lumen shapes in undistended vessels. In each heart 
the epicardial coronary arterial tree was dissected 
en bloc with surrounding adipose tissue and 
decalcified for 72 hours in 10% formic acid. After 
decalcification the coronary arteries were trans- 
versely sectioned every 3 mm throughout their 
lengths; we ensured that the transverse sections were 
perpendicular to the longitudinal axis of the 
artery. Selected segments were examined and 





Fig.3 Appearance under the dissecting microscope of a 
cross section of normal coronary artery perfused-fixed at 
150mm Hg. Both the external shape and internal barium 
filled lumen are almost perfectly circular. x 25 (original 
magnification ). 
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Fig.4 Appearance under dissecting microscope of cross 
section of atherosclerotic coronary artery perfused-fixed at 
150 mm Hg. The residual lumen (L) approximates to being a 
circle although it is eccentrically positioned. P, atheromatous 
plaque. x 25 (original magnification). 


photographed (without further preparation) under 
the dissecting microscope. Histological sections of 
each paraffin embedded 3 mm segment were 
prepared, stained with an elastic haematoxylin and 
eosin technique, examined under the light 
microscope, and compared with the corresponding 
gross appearance under the dissecting microscope. 


INVESTIGATION OF EFFECT OF LUMEN SHAPE 
ON OBSERVED PERCENTAGE STENOSIS 

Computer simulation 

A BBC Model B microcomputer (Acorn Co.) was 
programmed to construct a simulation of a cross 
section of coronary artery in which the vessel outline 
is circular but the stenosed lumen may be chosen as a 
circle, ellipse, or D shape and where the D shape 
may be formed of two half ellipses. (The term 
“ovoid” is used to include ellipses and all D shapes.) 
The program allows a full range of choice of the 
position of the centre of the lumen, vertical and 
horizontal diameters, and x-ray beam incidence. It 
then offers a print out of (a) the observed percentage 
stenosis by diameter; (b) the observed percentage 
stenosis by cross sectional area, assuming the 
observed lumen and vessel widths are diameters of 
circles; and (c) the true percentage stenosis by cross 
sectional area. The program can then produce 
graphs of the observed percentage stenosis as 
diameter or cross sectional area measurements 
against degrees of rotation of the incident x-ray 
beam. A similar graph of lumen position and 
observed lumen width against degrees of x-ray 
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rotation can also be obtained. Finally, for any given 
x-ray beam incidence the program will plot a 
densitometric readout of the vessel lumen. From the 
shapes and positions of such densitometric readouts 
in various x-ray planes predictions about the size 
and shape of the actual lumen may be made. 


Experimental study 

Artificial stenoses of varying severity were created in 
glass tubes by manipulating the heated glass to give 
residual ovoid lumens (Fig. 2). The glass tubes were 
filled with a 5% gelatin/barium sulphate suspension 


and radiographs were subsequently obtained 
through different degrees of rotation in the 
horizontal plane when the x-ray beam was 


perpendicular to the long axis of the tubes. The 
tubes were rotated through varying degrees in the 
vertical plane when the x-ray beam was no longer 
perpendicular to the long axis of the tubes, and this 
was also performed for different degrees of rotation 
in the horizontal plane. The observed percentage 
stenoses by diameter and corresponding cross 
sectional area, assuming the observed lumen and 
vessel widths to be diameters of circles, were 
calculated for each position. The true percentage 
stenosis of the cross sectional area was measured by 
planimetry from cross sections of the glass tubes 


Results 


Determination of coronary arterial lumen shape 
Normal arterial segments which have been 
perfused-fixed in the fully distended state at 
physiological pressures have both a circular external! 
shape and a circular lumen when viewed at right 
angles to the arterial longitudinal axis (Fig. 3). The 
corresponding histological sections show the 
internal elastic lamina to be smoothed out, 
indicating that the artery has indeed been fixed in a 
state analogous to full dilatation in life. Any 
deviation from a circular lumen seen in histological 
sections is a result of distortion at the time of 
preparing the sections and is a purely technical 
artefact. Cross sections that are not made 
perpendicular to the longitudinal arterial axis will 
result in ovoid shaped lumens when they are viewed 
end on at right angles to the plane of cut. The 
external shape of the artery, however, will also be 
ovoid. 

In atherosclerotic arterial segments most of the 
lumens approximated to being circular but are often 
placed eccentrically to the midline of the vessel Fig 
4). Elliptical and D-shaped lumens are seen in 
diseased segments viewed perpendicularly to the 
longitudinal arterial axis in hearts perfused-fixed at 
100 mm Hg and 150 mm Hg (Figs. 5a, b, and c 
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The external shape of the artery is often ovoid as a 
result of the atheromatous plaque bulging outward 
into the media and is often associated with focal 
destruction of the internal elastic lamina. The 
corresponding histological sections confirm 
complete distension as judged by a smooth internal 
elastic lamina where present (Fig. 6). The lumen 
appears to be flattened over the fibrous cap of a 
plaque, which is often associated with an underlying 
lipid-rich pool. Not all lipid-rich plaques give rise to 
elliptical or D-shaped lumens; some are associated 
with circular lumens. Most hard fibrous plaques 
without lipid-rich pools, however, result in circular 
lumens. Slit-like and crescentic lumens do occur, 
but only with rapidly evolving lesions in which 
blood from the lumen has tracked into the 
atheromatous plaque via a fissure and this has led to 
massive intra-intimal thrombosis or in which a 
polypoidal mass of thrombus projects into the lumen 
(Figs. 7a and b). Crescentic and slit-like lumens 
are not a feature of atheromatous plaques 
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Fig.5 Appearance under dissecting microscope of cross 
sections of atherosclerotic coronary arteries perfused-fixed at 
150 mm Hg showing (a) residual eccentrically positioned 
elliptical lumen, ‘b) residual centrally positioned elliptical 
lumen, and (c) residual eccentrically positioned D-shaped 
lumen. L, lumen; P, atheromatous plaque. All sections x 25 
(original magnification 


uncomplicated by acute thrombosis and plaque 
fissuring. 


INVESTIGATION OF EFFECT OF LUMEN SHAPE 
ON OBSERVED PERCENTAGE STENOSIS 

Computer simulation 

The computer program shows that for a coronary 
artery lumer: that is circular there is no variation in 
the observed degree of stenosis for different 
rotational x-ray planes, though the observed 
position of the stenosis will change if the lumen is 
eccentrically placed within the vessel. 

Ovoid lumens, which are known to occur in fully 
distended atherosclerotic arteries, show con- 
siderable variation in the degree of observed stenosis 
depending upon the rotational x-ray plane. 
Calculation by area of the observed stenosis can both 
overestimate and underestimate the true stenosis 
(Fig. 8), but underestimation will occur by a greater 
amount and for a wider range of incident x-ray beam 
angles. This is because an elliptical lumen with 
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Fig.6 Histological section of atherosclerotic coronary 
artery perfused-fixed in full distension as shown by smooth 
internal elastic lamina (IEL) (see Fig. 1). P, atheromatous 
plaque; M, media. Elastic haematoxylin and eosin x 180 
(original magnification ) . 
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principal radii A and B will have a true area of nAB 
whereas the calculated circular area will range from 
nA? to nB?. The correct area will be calculated wher 
the measured radius (M) equals ./AB and, hence 
nM? =nAB. The square root of A x B will always be 
closer to the smaller radius and so luminal area will 
be more severely overestimated, thus producing a 
greater error in underestimating percentage 
stenosis. 

Varying the principal radii while maintaining a 
constant area influences both maximum over 
estimates and underestimates and also the range of 
incident x-ray beam angles for which over and under 
estimates will occur (Fig. 8b). 

For luminal shapes with the same maximum and 
minimum diameters the range of incident x-ray 
beam angles for which the observed stenosis is 
underestimated also depends on the shape of the 
lumen (Fig. 8c). The graph of calculated stenosis 
area against beam angle gives an approximate sine 
wave for an ellipse but not for a D shape. Therefore 
although a D-shaped lumen will result in a 
maximum under and over estimate of stenosis 
identical to that of an ellipse, a greater percentage of 
beam angles will result in an underestimate thar 
with the elliptical lumen. 

For any given x-ray beam incidence the area 
covered by the densitometric luminal readout will 
reflect exactly the true luminal! cross sectional area 
irrespective of the shape of the lumen. If this can be 
related to a similar densitometric readout of a 
normal segment of artery, then densitometry will 
provide a true percentage measurement of cross 
sectional area stenosis (Fig.9). In order to predict 





Fig.7 Cross section of atherosclerotic coronary artery perfused-fixed at 150 mm Hg showing residual partly barium filled 
crescentic lumen (L) produced by projection of polypoidal mass of acute thrombus (T) into arterial lumen. P, atheromatous 
plaque. (a) Appearance under dissecting microscope ( x 25 (original magnification) ). (b) Corresponding histology and 
appearance under light microscope ( x 30 (original magnification) ). 
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Fig.8 Graphs in which calculated stenosis area ıs plotted against x-ray beam angle. Each h of the lumens has a true stenosis 
area of 75% of the maxtmum vessel area as mdicated by the horizontal line on the graph. (a) The ratio of the principal 
diameters (and therefore radii). A:B 1s 2:1 of the central elliptical lumen. (b) The ratio C:D 1s now 4:1. This greatly ` 
increases the maximum and minimum estimation error and also mcreases the range of beam angles at which stenosis ts 
underestimated. (c) The principal diameters A and B are the same as for (a). This illustrates the effect of lumen shape on the 
range of beam angles at which stenosis 1s underestimated. Dotted line m b and c indicates superimposed graph from (a). 


the shape and position of the arterial lumen, 
however, different densitometric readouts of the 
same stenotic lumen at different known anglės of 
rotation are necessary. Limiting the possible 
stenotic luminal shapes to those found at necropsy 
reduces the number of x-ray studies required for 
reconstruction. 


Experimental study 

The results of the computer simulations were 

confirmed experimentally by. means of the barium 

filled glass tubes with artificially created stenoses. 
Figure 10 shows the effect of observed stenosis of 


rotating a residual ovoid shaped lumen through. 


varying degrees in the horizontal plane. The 
observed cross sectional area of stenosis may vary 
between 36% and 82% (equivalent to 20% and 58% 


by diameter) for a true fixed cross sectional area 
stenosis of 58%. 

If the incident x-ray beam is not perpendicular to 
the longitudinal axis of the barium filled lumen (that 
is differing degrees of vertical rotation) the degree of 
stenosis will be further underestimated (Fig. 11). 
This underestimation will only be pronounced when 
the incident x-ray beam forms an angle of 45° or less 
with the longitudinal axis of the vessel, is seen 
mainly with the more severe stenoses, and is a 
consequence of an adjacent normal segment being 
superimposed on the stenotic segment.- 


Discussion 


During the investigation of coronary artery disease 
by postmortem-angiography we became aware that 
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Fig.9 Densitometric readings for a D-shaped lumen with a true stenosis area of 75%, at beam angles of 20° 
and 110°. The solid black areas represent the stenosed lumen and corresponding densitometric recording. The 
area within the continuous line represents the maximum recording for non-stenosed vessel. The densitometric 
scan proceeds in the direction of the x-ray beam from left to right. Whatever the lumen shape or x-ray beam 
angles comparison of the stenosed and non-stenased regions will give a true percentage stenosis area. 


slit-like and crescentic shaped lumens were rare. In 
our previous studies postmortem coronary 
angiography was carried out by injection of a warm 
suspension of 5% gelatin/barium sulphate into the 
coronary ostia of the fresh intact heart at a 
monitored pressure of 100 mm Hg and ligation of 
the coronary arteries on withdrawal of the cannula.’ 
The gelatin/barium suspension set solid within the 
epicardial coronary arterial tree and the heart was 
fixed intact in 10°, formol saline so that the arteries 
were fixed in distension. Subsequent histological 
sections of these barium filled coronary arteries after 
decalcification showed that the residual lumen in 
diseased segments approximated to being circular, 
although it was often eccentrically placed, and that 
crescentic shaped lumens were only encountered in 
association with plaque fissuring and thrombosis. 
These observations were in general agreement with 
those of Freudenberg and Lichtlen who, using a 
similar technique for postmortem angiography, 
found that 74°, of all significantly stenosed vessels 
had eccentric lumens and 26% central lumens, +° 
Ninety five per cent of all lumens in their cases 
approximated to being circular, elliptical, or 
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star-shaped or crescentic lumens. With postmortem 
angiography alone and use of a viscous injection 
medium, however, it is difficult to ensure complete 
distension of vessels even when the monitored 
injection pressure is as high as 150 mmHg. 
Certainly a vessel beyond a severe stenosis may be 
filled at a much lower pressure than that actually 
monitored and this might account for a few 
examples of irregular star-shaped lumens observed 
by Freudenberg and Lichtlen. Furthermore, even in 
non-diseased arteries that were fully distended (as 
judged by the histological appearance of a smoothes 
out internal elastic lamina) the lumen was sometimes 
distorted as a result of technical problems 
encountered in the production of a histological 
section. 

The present study ensured fixation of arterial 
lumens in complete distension by perfusion-fixation 
of the intact coronary arteries at a constant and 
monitored perfusion pressure of either 100 or 
150 mmHg with low viscosity formol saline. 
Examination of cross sections of coronary arterial 
segments with the dissecting microscope before 


Fig.10 Radiographs of barium filled glass tubes { A to D) with artificially created stenoses of varying severity and resultant 
elliptical lumens (see Fig. 2). Percentage stenoses by diameter and corresponding cross sectional area at maximum potnt of 
constriction were calculated from diameters observed through varying degrees of horizontal rotation and compared with true 
cross sectional area stenosis measured by planimetry. x-ray beam 90° to longitudinal axis of tubes. (a) Optimum rotational 
plane to give maximum observed stenosis. (b) Rotational plane 90° to optimum piane. 
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Radiographs of barrum filled glass tube D in optimum horizontal plane to 


give maximum observed stenosis. (a) Incident x ray beam 90° to longitudinal axis of 
tube (0° vertical rotanon). (b) Incident x ray beam 30° to longitudinal axis of tube 
(60° vertical rotation) ). Percentage stenoses by diameter and corresponding cross 
sectional area at maximum pomt of constriction were calculated from observed 
diameters for two horizontal planes through varying degrees of vertical rotation and 
were compared with true cross sectional area stenosis as measured by planimetry for 
tube D. 








Vertical rotation Optimum horizontal rotational plane to give Horizontal rotational plane 90° to optumum 
maximum observed stenosis (% stenons) plane (% stenosis) 
Diameter Area Diameter Area 

0 58 82 20 36 

20° 54° 79 19 35 

40° 53 78 19 34 

60° 13 24 18 33 

Truc stenosis area (%) ee 58 — 58 





histological processing and light microscopy 
còrrected any problem of luminal distortion which 
occurred for purely technical reasons. It is essential 
to decalcify the epicardial coronary arterial tree 
before transverse sectioning. Failure to do this may 
well result in gross distortion of the lumen in 
calcified arteries, the whole vessel wall effectively 
being crushed rather than sectioned. 

By using perfusion-fixation, decalcification, and 


examination of transverse arterial segrnents with the 
dissecting microscope, we obtained results that 
accorded with those of Freudenberg and 
Lichtlen—that is although the lumens associated 
with uncomplicated atheromatous plaques were 
approximately circular most were elliptical or 
D-shaped and often eccentrically placed. We were 
able to confirm our suspicion that slit-like and 
crescentic shaped lumens were rare. Subsequent 
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histological examination with the light microscope 
confirmed that such shapes indicated a polypoidal 
mass of acute mural thrombus which projected into 
the arterial lumen or massive intra-intimal thrombus 
formation which had occurred as a result of blood 
tracking into the intimal plaque via a fissure. 

If crescentic and slit-like lumens are not a feature 
of uncomplicated atheromatous plaques, one must 
question whether small deviations from a circular 
lumen (elliptical or D shapes) are sufficient to 
explain underestimation of coronary arterial stenosis 
from clinical arteriography. Both the computer 
simulation study and the experimental work with 
barium filled glass tubes in which stenoses were 
artificially created show conclusively that single 
plane views of ovoid lumens not only give 
underestimates of the degree of stenosis but may also 
give gross overestimates of stenosis. The greatest 
discrepancies occur with ovoid lumens where the 
ratio of the two principal radii is highest. 
Underestimates will occur for a wider range of x-ray 
beam angles than overestimates and this range of 
beam angles is affected by both the ratio of the 
principal radii and the lumen shape. It is no longer 
correct to implicate a crescentic shaped lumen to 
explain the observed discrepancies. It has been 
suggested, however, that since most residual lumens 
in diseased coronary arterial segments are eccentric 
there must be a portion of relatively normal arterial 
wall capable of responding to vasoconstrictive 
agents during life, although much of the arterial wall 
will be fixed and incapable of any response.!! 7 
This feature may result in an asymmetrical response 
to vasoconstriction and accentuate the appearance of 
any elliptical or D-shaped lumen. Whether a slit-like 
lumen can result is as yet unknown. Furthermore it 
is debatable whether a diseased vessel with a 
centrally placed residual lumen is capable of 
vasoconstriction. The potential dynamics of such 
luminal shapes are well reviewed by Brown 
et al} 12 

As regards interpretation of clinical arteriography 
in terms of the degree of arterial stenosis, the fact 
remains that errors will occur if only one plane of 
view is examined. Even if views in two planes are 
available the maximum stenosis observed is the 
usually accepted value but this in fact might 
represent an overestimation of the degree of 
stenosis. It is extremely difficult if not impossible to 
obtain more than one meaningful view of certain 
areas of the coronary artery anatomy. The problems 
are compounded when the incident x-ray beam is 
not perpendicular to the longitudinal axis of the 
vessel. Given that many residual lumens are 
non-circular, it follows that to report these in terms 
of percentage stenosis by diameter may be just as 
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misleading. Equally, calculation of percentage 
stenosis by cross sectional area derived from 
diameters on the assumption that the lumen is 
circular may be just as meaningless. Histological 
assessment by cross sectional area based on lumen 
and vessel perimeters, assuming these to be 
circumferences of circles, is usually more accurate 
but will still give underestimates when the lumen is 
elliptical or D-shaped, since a circle has the 
maximum cross sectional area that can be obtained 
with a given perimeter. 

The luminal densitometric readout relates directly 
to the lumen cross sectional area!?~'5 and if this is 
compared with a densitometric readout from a nor- 
mal segment of artery then a true cross sectional area 
percentage stenosis may be obtained from only one 
x-ray view irrespective of the lumen shape and posi- 
tion. This avoids the problem of calibrating the den- 
sitometric readings which would be necessary if 
measurement of the absolute lumen area was 
required. The problems in being able to do this from 
a two dimensional coronary arteriogram taken at 
necropsy, however, are many—notwithstanding 
those encountered with angiograms taken during 
life. Nevertheless provided the image analysis tech- 
niques used are applicable to soft tissue and back- 
ground densities by digital subtraction and an x-ray 
film can accommodate the full range of densities 
encountered in the radio-opaque contrast filled 
artery, then measurements of true cross sectional 
area percentage stenosis should be feasible. In prac- 
tice, however, this is often more difficult than it 
seems, the contrast obtained in an x-ray being 
dependent not only on concentration of radio- 
opaque medium but also on x-ray exposure time, 
intensity of x-ray beam, and developing of the x-ray 
plate. A further problem is the supposition that the 
adjacent apparently non-lesional segment of coro- 
nary artery is normal. In fact this is not always the 
case; regular diffuse narrowing may be entirely 
missed on x-ray so that if a severe stenosis is present 
within a long segment of less severe diffuse narrow- 
ing, the severe stenosis may still be underestimated. 
At present we have no idea of what the normal range 
of coronary artery calibre is for any given point 
within the epicardial coronary arterial tree. A 
definitive assessment must be to measure the flow 
rate beyond a stenosis, since the answer to “is 75% 
stenosis in a given vessel more important than 75°% 
stenosis in a vessel twice its size?”’, begs the question 
as to what is the normal coronary artery diameter at 
any given point, and such a question can only be 
answered from flow studies. 

The three dimensional reconstruction of the coro- 
nary arterial lumen from densitometric readings of 
two dimensional angiograms should be feasible pro- 
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vided sufficient x-ray planes are examined.!3 !4 16 yf 
the stenosed lumen had a circular or ovoid shape 
then a limited number of views may well be ade- 
quate, provided that in this case some calibration is 
introduced. The more irregular the lumen shape, the 
greater the number of x-ray planes required to 
enable a reconstruction to be made. The importance 
of reconstruction may be to detect those lesions 
which are complicated by thrombosis or plaque 
fissuring or both and are therefore the more likely to 
precipitate sudden death or myocardial infarction. 
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Improved myocardial lactate extraction after 
propranolol in coronary artery disease: effected by 
peripheral glutamate and free fatty acid metabolism 
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SUMMARY Ten patients with chronic effort angina and coronary artery disease (luminal diameter 
reduction > 75%) were stressed by atrial pacing (140 beats/minutes) before and 15 minutes after 
intravenous propranolol (mean dose 7-4mg). Myocardial substrate exchange of oxygen, blood 
lactate, plasma free fatty acids, citrate, glucose, glutamate, and alanine as well as coronary sinus 
blood flow were measured. Coronary sinus blood flow, oxygen consumption, and systemic 
haemodynamics did not change after propranolol. Propranolol did not influence arterial lactate 
concentration, and it reduced the arterial concentration of free fatty acid by 37% and increased 
that of glutamate by 21%. During pacing myocardial lactate extraction increased in all 10 
patients; in two lactate release was converted to lactate uptake. Propranolol reduced free fatty acid 
uptake and increased glutamate uptake during pacing. For both substances the changes in 
aortocoronary sinus differences or in uptake or both correlated positively with the changes in their 
delivery to the heart from extracardial sources (arterial concentrations/loads). In the unstressed 
state before pacing, aortocoronary sinus lactate differences correlated inversely with free fatty 
acid differences and positively with those of glutamate. During pacing the relation between lactate 
and glutamate differences remained positive while the inverse correlation between lactate and free 
fatty acid differences was lost. Myocardial citrate release was halved during pacing and recovery. 
Propranolol did not influence alanine or glucose exchanges. 

An improved myocardial lactate extraction after propranolol administration may be secondary 
to decreased free fatty acid uptake or increased glutamate uptake or both. In the unstressed state 
both mechanisms may be of importance. During pacing induced ischaemia, increased glutamate 
uptake is more likely than reduced free fatty acid uptake to be the mechanism responsible for 
the improvement in myocardial lactate extraction. The propranolol mediated alterations in 
myocardial substrate exchanges may reflect the extracardial effects of the drug. 


The well established antianginal effect of beta 
adrenoceptor blocking drugs is attributed to 
decreased oxyen requirements secondary mainly to a 
reduced heart rate.' ? In addition there is evidence in 
patients with coronary artery disease of a metabolic 
effect that improves myocardial carbohydrate 
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utilisation, independently of the haemodynamic 
actions of such agents.*“Increased myocardial 
lactate extraction has been reported after 
administration of beta adrenergic antagonists.>~4 
The antilipolvtic effect of beta blockers® with 
subsequent reduction in circulating free fatty acid 
concentration and hence a reduction in substrate 
competition, has been proposed as the mechanism 
responsible for the improved lactate extraction.* In 
the normal heart in which the capacity of free fatty 
acid oxidation is high and unrestricted this 
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mechanism seems of regulatory importance.”® In 
the ischaemic heart the capacity for free fatty acid 
oxidation is limited. Therefore a reduction in free 
fatty acid supply after beta blockade cannot be 
expected to improve carbohydrate utilisation to the 
same degree as it does in the normal heart. 
Myocardial carbohydrate breakdown can proceed 
only to the extent that oxidation of the glycolytically 
produced reduced nicotinamide adenine 
dinucleotide takes place.!° This occurs indirectly via 
the malate-aspartate shurtle,!! and this is in turn 
dependent on the import of glutamate into the 
myocardial cell.17 We have reported positive 
relations between glutamate uptake and both 
glucose and lactate uptake in coronary artery disease 
in the unstressed state. +? 

To elucidate further the mechanisms underlying 
alterations in myocardial metabolism after beta 
blockade we have examined myocardial substrate 
exchanges of lactate, free fatty acids, citrate, glucose, 
glutamate, and alanine during atrial pacing in 
patients with coronary artery disease before and 
after the administration of propranolol. 


Patients and methods 


Ten men (mean age 53, range 40-66 years) were 
studied after their informed consent had been 
obtained. All had chronic effort angina with ST 
segment depression (2 to 5mm) during exercise 
stress testing. Three patients had had myocardial 
infarction more than six months before. None had 
additional heart disease, hypertension, or metabolic 
disorders. The patients had undergone left 
ventriculography and coronary angiography a week 
before the study. Seven patients had important 
stenoses (a reduction in luminal diameter of >75% 
that was resistant to glyceryl trinitrate) of three 
vessels, of two vessels in two patients, and of one 
vessel in one patient. All except one had stenosis of 
the anterior descending branch of the left coronary 
artery. Mean (SD) left ventricular end diastolic 
pressure was 11 (2) mm Hg and the ejection fraction 
was 64(6)%. Antianginal medication except for 
glyceryl trinitrate (verapamil in five patients, 
propranolol in three, metoprolol in one, and 
combined nifedipine and metoprolol in one) was 
stopped a week before the study; glyceryl trinitrate 
was allowed up to four hours before the 
examination. 


PROCEDURE 

The patients were examined in the supine position 
without sedation in the morning after an overnight 
fast. A Wilton Webster thermodilution pacing 
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catheter was advanced to a midposition in the 
coronary sinus via an antecubital vein. Coronary 
sinus blood flow was measured by continuous 
infusion of saline solution (36 ml/min) for 20-25 
seconds for each measurement.'* A Teflon catheter 
for arterial blood sampling and pressure 
measurements was inserted into the distal aorta 
percutaneously via a femoral artery. The catheters 
were kept patent by intermittent infusion of saline 
solution containing heparin (total dose below 300 
units). 

Coronary sinus pacing was carried out at a 
constant rate of about 140 beats/minute until 
intolerable angina occurred of for at least 10 
minutes. Propranolol (0-1 mg/kg) (mean (SD) dose 
7-4 (0:7) mg) was given intravenously 30 minutes 
after the end of pacing for two mintues. Fifteen 
minutes later the patients were stressed by repeated 
coronary sinus pacing of same duration and rate as 
during the first pacing period. During the two 
pacing periods the coronary sinus electrode was 
maintained in the same position by fluoroscopic 
control. 

During both pacing studies coronary sinus blood 
flow, heart rate, and blood pressure (Elema 
Schonander transducer) were determined in 
triplicate in resting state, twice during pacing after 
onset of slight angina (in three patients only one 
measurement was made because severe angina 
developed), and at three and five minutes into 
recovery. In each patient haemodynamic 
measurements and blood sampling were obtained at 
the same times during the two studies. After 
separation of samples for the measurement of 
oxygen saturation, blood samples were collected into 
heparinised ice cooled glass tubes. Blood was 
deproteinisated for blood lactate determination and 
centrifuged for plasma analysis at 4°C. After storage 
at — 80°C for a few days, samples were analysed for 
concentrations of blood lactate, plasma free fatty 
acids, plasma glucose, plasma citrate (10 patients), 
and plasma glutamate and plasma alanine (seven 
patients) as described elsewhere.’* '® 


STATISTICAL ANALYSIS 

Fractional myocardial substrate extraction was 
calculated as the aortocoronary sinus difference 
divided by the arterial concentration multiplied by 
100 (%). Net substrate exchange across the heart 
was calculated from the aortocoronary sinus 
difference, coronary sinus blood flow, and haema- 
tocrit. Data are given as mean(1 SD) or mean and 
range. The paired two tailed ¢ test and linear 
regression analysis were used for statistical 
evaluation. A probability value of <0-05 was 
considered to be significant. 
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Fig.1 Arterial concentrations of plasma free fatty acids and 
plasma glutamate in control state (C) and after propranolol 
administration ( P) in patients with coronary artery disease. 
Values are means of seven blood samples obtained throughout 
each study period 


Results 


In the unstressed state before pacing none of the 
patients had chest pain. All except for one patient 
with two vessel disease complained of typical angina 
pectoris during the first pacing period. The mean 
pacing time of both periods was 305 seconds (range 
60-600 seconds). During repeated pacing after 
propranolol three patients did not develop chest 
pain, pacing time to onset of angina was increased by 
10-120 seconds (mean 80 seconds) in four patients, 
and remained unchanged in three patients. 


HABMODYNAMIC RESULTS 
Propranolol administration did not change heart 
rate, systolic aortic pressure, the rate pressure 
product, or coronary sinus blood flow. Mean (SD) 
values before and after propranolol were for heart 
rate at rest 68(17) vs 69(11) beats/minute and 
during pacing 139(5) vs 140(5) beats/minute. 
Systolic aortic pressure at rest was 140 (5) vs 136 (22) 
mmHg and during pacing 130(23) vs 125(25) 
mmHg. Rate pressure product (heart rate 
multiplied by systolic aortic pressure) at rest was 
95 (36) vs 94(21) beats/minute x mmHg x 107? 
and during pacing 182 (37) vs 178 (39) beats/minute 
x mmHg x 1077. Coronary sinus blood flow at 
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rest was 119(37) to 120(43) ml/munute and during 
pacing 200 (73) vs 182 (62) ml/minute (eight patients 
only). 

After propranolol the aortocoronary sinus oxygen 
difference increased slightly during pacing, from 
119(9) to 126(10) ml/l (p<0-05), but was 
unchanged at rest (121(21) vs 123 (13) ml/l). 
Myocardial oxygen consumption (eight patients) did 
not change; values before and after propranolol were 
15-1(6:9) vs 14:9(5°5) ml/minute at rest and 
24-1 (10:1) vs 23-0 (8-1) ml/minute during pacing. 


METABOLIC RESULTS 

Arterial concentrations 

There was no tendency for arterial concentration of 
metabolites to increase or decrease during each of 
the two study periods of about 15 minutes. After 
propranolol the arterial concentrations (mean of 
concentrations at rest and during pacing and 
recovery) of plasma free fatty acids decreased by 
37% (from 0-98(0-33) to 0-62(0-17) mmol/l), 
increased by 21% for plasma glutamate (from 
68(17) to 82(14) pmol/l) (Fig.1), and decreased 
slightly for plasma alanine (from 222 (77) to 204 (61) 
pmol/l) (p<0-05). No change was found for the 
other metabolites. Mean arterial concentrations 
before and after propranolol were—blood lactate 
0-78 (0-19) vs 0-77(0-14) mmol/l, plasma glucose 
5-59 (0:54) vs 5-63 (0-51) mmol/l], and plasma citrate 
79 (30) vs 82 (25) umol/l. 


Substrate exchange (Table) 

In the resting state propranolol did not influence sub- 
strate exchange except that there was an increased 
aortocoronary sinus difference in glutamate concen- 
trations. 

In the control tests atrial pacing induced a release 
of lactate across the heart in seven patients, while 
lactate extraction remained positive in three patients 
including the one who did not complain of angina. 
After proprazolol myocardial /actate extraction 
increased in all the patients; a mean lactate release of 
16 zmol/minute was converted to a mean uptake of 
13 pmol/minute. Propranolol reduced free fatty acid 
uptake during pacing and at 5 minutes of recovery, 
both when this result was calculated as aorto- 
coronary sinus difference and as net uptake. Frac- 
tional free fatty acid extraction was reduced at 5 
minutes of recovery only. Myocardial citrate release 
was halved during pacing and recovery, both in 
terms of aortocoronary sinus difference and net 
release. Aortocoronary sinus glutamate differences 
always increased after propranolol administration, 
but the net uptake increased only during pacing. 
Notably, fractional glutamate extraction remained 
virtually unchanged. Propranolol did not influence 
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Table Myocardial exchange of. substrates before and after propranolol administration to patients undergoing atrial pacing 





Rest 
Aortocoronary smus lactate difference (mmol/D (n = 10) £ 
Control . 015 KEE 
Propranolol neg 010 
Myocardial lactate extraction (%) (n= 10): 
‘Control 20:9 NP 3 
Propranolol rly 14 
Myocardial lactate uptake (umol/min) (n= 8): 
Conrrol i 18 1 ft 1 3 
Propranolol ue 113 
Aortocoronary snus FFA difference (mmol/I) (n = 10): 
Control ‘ O15 N 038 
Propranolol g $ y 0 09 
Myocardial FFA extraction (%) (n= 10): 
Control r 19-4(7 5) 
Propranolol f Ra (15 2) 
Myocardial FFA uptake (ymol/min) (n = 8): 
Control ji 12 2(6 9) 
Propranolol SAG 5) 
Aortocoronary sinus citrate difference (umol/i) (a= 10): ; 
Control P ‘ -5 G 
Propranolol z k (2 
Myocardial citrate release (umol/min) (n =8): s 
Control . 0:35 (0 R 
Propranolol oaa (0-17 
Aortocoronary smus glutamate difference (mol/l) (2 = 7): 
Control Am 
Propranolol ~ 487%) 
p<001 
Myocardial glutamate extraction (%) (a=7): 
Contro! 49-9 (7 8) 
Propranolol va (10:6) 
Myocardial glutamate uptake (umol/min) (257) 
Control 2 39(0 87) 
Propranolol 3 eg (1 22) 
Aortocoronary sinus alanine difference (¢mol/l) (n = 7): 
Control —20 (9) 
Propranolol fe 2 D 
Myocardial alanine release (4mol/min) (n= 7): é 
Control 141 o $9 
Propranolol 1 a 076 


Pacing Recovery 

3 mn S min 
—0 11(0 19) 0-06 (0-1 0 ne 12) 
0 04 (%17) 0 20 (0 10 0 22 (0 09) 
p<0 005 p<005 p<002 
~ 15-6 (27 2) 9 9(21-0) 19-2(15 3} 
4 4(22 0) 26-0 (13 9) 29 3(13 3 
p<0 005 p<005 p<001 
—~ 15-9 (28 8) 11-1 (28 7) mates 
12 8 (25-5) 23 1 (14:1) 27:3 (12-3 
p<002 NS NS 
0 DIO 0-13 (0-09) 0 15(0 11) 
005 (0 10 0 09(0 10) 0 01 (0-09) 
p<002 NS - p<002 
15-1 (11 9) 150(12 a 16 2(12 0) 
6-8 (18 0) 13-4 (16 6 0-5 (18 2) 
NS NS p<0-05 
21 1(24 2) 968 11 709-6) 
7-2 (142) 537 07 (6 1) 
p<005 Ss p<002 
32 —8(3) —8(4 
—2(2) ` —4(5) —4 
p<001 p<005 p<005 
061 Se 0:59 aa 056(0 
0 22 (0 26 0 16(0-40 0-25 (0 20 
p<0-05 p<0 62 p<005 
19(4 28(5) 30 (8) 
3208, 39 (6) 41(9) 
p<001 p<0 005 p<002 
28 9(8-1) 45-0 (12 8) 46 5016-1) 
38-7 Ti 49 4 (10-2) 51 0 (12 4) 

NS NS 
2 28 (0 94) 2 31(1 13) 2 37(1 23) 
3-21 (0 58) 2-63 (1-08) 2 61(1-18) 
p<0 005 NS NS 
1e —21 (9) —21 (10) 
—15(9 —22(10) —19(8) 

NS NS 
191 see EN 01) 57 (0 85) 
1-5801 03) 1-55 (1-08) 123(0 99) 
NS NS NS 


Values are means (SD). In each patient values were determined in triplicate at rest and once at the end of pacing. FFA, free fatry acids. 


myocardial alanine exchange at any time. Neither 
could any change in glucose exchange be demon- 
strated; values during pacing before and after pro- 
pranolol were: aortocoronary sinus difference 
0-13 (0-14) vs 0-14(0-12) mmol/]; fractional extrac- 
tion 2-4 (2-7) us 2-4 (2-4)%; net uptake 15-6 (17-0) vs 
17:3 (18-4) pmol/minute. 


Changes tn lactate, free fatty acid, and glutamate 
uptake in relation to changes in their arterial 
concentrations (Fig. 2) i 

The propranolol mediated changes in aortocoronary 


sinus differences of lactate correlated positively with 
the changes in its arterial concentration at rest but 
not during pacing. The same tendency was found 
after coronary sinus blood flow measurements were 
included; correlation coefficients between the 
changes in uptake and in load (arterial concentration 
multiplied by flow) of lactate were (eigbt patients) 
rest and pacing together, r=0-15 (NS); rest, r=0-56 
(NS); pacing, r=0-23 (NS). The decrease in 
aortocoronary sinus free fatty acid difference 
correlated positively with the fall in its arterial 
concentration when data at rest and during pacing 
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Fig.2 Relations between the change in each patient after 
propranolol m aortocoronary sinus differences of blood 
lactate, plasma free fatty acids, and plasma glutamate, and 
the change in their arterial concentrations. Each A value 1s 
the value after propranolol minus that in control state. Blood 
lactate: all measurements r=0-06, NS, n=20; rest r=0 71, 
p<0-05,n=10,; pacing r=0-14, NS, n= 10. Plasma free 
fatty acids: all measurements r= 0-67, p <0 O1, n= 20; rest 
r=0 58, NS (p<0:1); n=10; pacing r=0-70, p<0-05, 
n=10. Plasma glutamate: all measurements r = 0-39, NS, 
n= 14; rest r= 0-45, NS, n=7; pacing r=0-36, NS, n=7. 


were combined, during pacing, and insignificantly at 
rest. Correlation coefficients for the changes in free 
fatty acid uptake versus in load were: rest and pacing 
together, r=0:62 (p<0-01); rest; r=0-24 (NS); 
pacing, r=0-54 (NS). Figure 2 shows that there was 
a tendency towards a positive relation between the 
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Fig.3 Relations between aortocoronary sinus differences of 
blood lactate and corresponding values for plasma free fatty 
acids and plasma glutamate at rest (a,b) and during pacing 
(c, d) before and after administration of propranolol. 

(a) All measurements r= —0 45, p<0-05, n= 20; control 
state r= — 0-38, NS, n= 10; propranolol r= —0 50, NS, 
n=10. 

(b) All measurements r = 0-63, p <0 05, n=14; control 
state r = 0:70, NS (p =O: 1}, n=7; propranolol r=0-81, 
p<0-05,n=7. 

(c) All measurements r=0: "28, NS, n= 20; control state 
r=0-73, p < 0-05, n= 10; propranolol r=0 23, NS, n=10. 
{d) All measurements r = 0-69, p < 0-01, n=14; control 
state r= 0-35, NS, n=7; propranolol r = 0-64, NS, n=7. 


increase in acrtocoronary sinus glutamate difference 
and in its arterial concentration. For plasma 
glutamate changes in uptake versus in load the 
relation (seven patients) became significantly 
positive. These were the correlation coefficients: for 
rest and pacing together, r= 0-75 (p <0-01); for rest, 
r=0:90 (p<0-01); and for pacing, r= 0-69(NS) 
(p<0:1). 

Thus, during pacing the increase in extraction of 
lactate after propranolol did not correlate with 
changes in its supply to the heart. Both the reduction 
in free fatty acid and the increase in glutamate 
uptake after propranolol were positively related to 
the changes in their delivery from extracardial 
sources. 


Interrelations between lactate and free fatty acid and 
glutamate exchanges (Fig. 3) 

In the unstressed state before pacing values before 
and after propranolol for aortocoronary sinus lactate 
difference correlated inversely with free fatty acid 
differences and positively with glutamate differences 
(Fig. 3a and b). During pacing the lactate differences 
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remained positively related to those of glutamate 
(Fig. 3d). Because of the limited number of patients 
studied, the same tendencies were found only when 
data before and after propranolol were considered 
separately. The relation between aortocoronary 
sinus lactate and glutamate differences at rest after 
propranolol, however, was statistically significant. 
The inverse relation between aortocoronary sinus 
differences between lactate and free fatty- acids at 
rest was lost during pacing (Fig.3c); but when 
values before propranolol were examined separately, 
the asortocoronary sinus lactate and free fatty acid 
differences correlated positively during pacing. 


Discussion 


We have examined the mechanisms that may 
underlie changes in myocardial metabolism after 
propranolol administration to patients with 
coronary artery disease. 

As in previous studies of beta blockade during 
atrial pacing we found that myocardial oxygen 
uptake remained unchanged.’ 417 Determinants of 
myocardial oxygen consumption include heart rate, 
left ventricular contractility, and wall tension.'® 
Heart rate was controlled by pacing. The 
propranolol induced decrease in contractility and 
oxygen uptake was probably counterbalanced by left 
ventricular dilatation with a subsequent increase in 
wall tension.?* Coronary sinus blood flow and 
systemic haemodynamics were not influenced by 
propranolol. Beta adrenergic blockers may cause 
regional redistribution of myocardial blood flow in 
favour of ischaemic areas.‘? This effect has been 
reported to be eliminated during pacing.?° Thus, 
the changes in substrate exchange across the heart 
found in the present study cannot be attributed to 
the haemodynamic effects of propranolol. 

Despite unchanged heart work, there was 
evidence of an antianginal effect of propranolol. 
After the drug three patients did not develop angina, 
and pacing time until angina developed increased in 
four and was unchanged in three. Beta blockade has 
not consistently been reported to have a beneficial 
effect on clinical signs of pacing induced ischaemia. 
This is probably the result of methodological 
differences between studies. In particular, patients 
may have been insufficiently stressed.4'? In our 
study all except one complained of angina before 
propranoiol. In this patient, the effect of pacing at 
140 beats/minute for 10 minutes may have been too 
low to induce ischaemia. In seven of the ten patients 
a release of lactate across the heart indicated the 
development of myocardial ischaemia during 
control pacing. 

The energy requirements of the normal heart are 
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met by oxidation of free fatty acids, glucose, and 
lactate. Lactate (by oxidation) and glucose (by 
glycolysis) are both converted to pyruvate. 
Oxidation of pyruvate is controlled at the site of 
pyruvate dehydrogenase. Free fatty acid catabolism 
inhibits pyruvate dehydrogenase by causing 
intracellular accumulation of acetyl-CoA and 
reduced nicotinamide adenine dinucleotide.?! 
Reduction of myocardial free fatty acid uptake and 
oxidation by nicotinic acid infusion augments 
glucose and lactate uptake of the normal human 
heart.” The peripheral antilipolytic effect of 
propranolol® leading to lowered arterial free fatty 
acid concentration with subsequent reduced free 
fatty acid oxidation and increased pyruvate 
dehydrogenase activity has been proposed as the 
mechanism underlying the augmented carbohydrate 


utilisanon of the ischaemic heart after 
administration of the drug.* 
Before pacing all patients had net lactate 


extraction, and none complained of chest pain. 
Propranolol did mot change arterial lactate 
concentration. Yet, after the drug, changes in 
aortocoronary sinus lactate differences showed a 
significant positive relation to the changes in arterial 
lactate concentration at rest (Fig. 2), confirming that 
myocardial extraction of lactate is to some extent 
determined by supply.?* The inverse relation 
between aortocoronary sinus lactate and free fatty 
acid differences at rest (Fig. 3a) is consistent with the 
idea of competition between lactate and free fatty 
acid for entry into the citric acid cycle, though the 
increase in lactate extraction after propranolol did 
not reach statistical significance in our study. 

The findings during pacing of increased 
myocardial lactate extraction and decreased net free 
fatty acid uptake after propranolol confirm the 
results of others.?~* During pacing the changes in 
aortocoronary sinus lactate differences did not 
correlate with the changes in arterial lactate 
concentration (Fig.2). After administration of 
atenolol, Thompson eral found that changes in 
myocardial lactate extraction and arterial free fatty 
acid concentration were inversely related both at rest 
and during atrial pacing.* Only four of their eleven 
patients developed angina. They included all values 
obtained during gradual increases in heart rate to 
demonstrate the inverse relation between lactate 
extraction and free fatty acid supply during pacing. 
We were unable to demonstrate an inverse relation 
between aortocoronary sinus lactate and free fatty 
acid differences at end of pacing after patients had 
been stressed at a constant high rate (Fig.3c) This, 
taken with the decrease in free fatty acid oxidation 
during ischaemia,® raises the question of whether 
the reduced free fatty acid uptake at end of pacing 


146 


after propranolol led to a further reduction in free 
fatty acid oxidation of a magnitude sufficient to 
explain the observed improvement in lactate 
extraction. 

This suggestion is subject to. limitations. 
Extraction of both lactate and free fatty acids 
decreases during ischaemia. Thus, at end of pacing 
an interrelation between lactate and free fatty acid 
aortocoronary sinus differences does not necessarily 
reflect substrate competition; it may merely reflect 
the relation between different markers of ischaemia, 
which may also explain the positive correlation 
between lactate and free fatty acid during control 
pacing before propranolol administration. Further, 
we measured net chemical free fatty acid uptake 
only. Experiments with labelled palmitate have 
demonstrated myocardial lipolysis,?3 which is 
inhibited by propranolol. Although we did not 
measure changes in myocardial lipolysis, a reduction 
in myocardial free fatty acid oxidation after 
propranolol could explain the fall in myocardial 
citrate release during pacing and recovery. 
Oxidation of free fatty acids is the main determinant 
of myocardial citrate release.!* Citrate restriction of 
the glycolytic enzyme phosphofructokinase is an 
additional mechanism by which free fatty acids 
reduce utilisation of carbohydrate by the heart.?* 
Because propranolol reduced myocardial citrate 
release an increase in glucose uptake, as found in 
animal studies, is likely.?5 The small absolute 
glucose aortocoronary sinus differences did not 
allow us to show this. 

Reoxidation of glycolytically produced reduced 
nicotinamide adenine dinucleotide is among further 
mechanisms that may be important in the regulation 
of myocardial utilisation of lactate (and glucose).!° 
The inner mitochondrial membrane is impermeable 
to reduced nicotinamide adenine dinucleotide. 
Transfer of reducing equivalents, formed by 
reduction of cytosolic nicotinamide adenine 
dinucleotide, for oxidation in the mitochondrial 
electron transport chain occurs mainly indirectly via 
the malate-aspartate cycle when glucose is the 
substrate and probably exclusively by the 
mechanism when lactate is the substrate.!! #© Flux 
through the shuttle is partly regulated by cytosolic 
glutamate concentration,?® and requires import of 
glutamate.!? An augmented myocardial glutamate 
supply may facilitate lactate extraction. 

Our study demonstrates an increased arterial glu- 
tamate concentration after administration of pro- 
pranolol. The underlying mechanisms are unknown. 
There was a consistent increase in aortocoronary 
sinus glutamate differences in the present study. 
Fractional extraction, however, did not change. The 
propranolol induced changes in aortocoronary sinus 
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differences and in arterial concentrations tended to 
be positively related (Fig. 2). There was a positive | 
statistically significant correlation between changes 
in glutamate uptake and load (arterial concentration 
multiplied by flow). Therefore the augmented 
extracardial supply of glutamate alone seems to be 
responsible for the increase in glutamate uptake 
across the heart. The findings that aortocoronary 
sinus lactate and glutamate differences correlated 
positively at rest and at end of pacing (Fig. 3b and d) 
accord with the suggestion that an increased myo- 
cardial glutamate uptake is a possible mechanism for 
increasing lactate extraction in the unstressed state as 
well as at end of pacing. Although there is a phys- 
iological basis for these correlations, the proposed 
causality must be evaluated. Aortocoronary sinus 
lactate and glutamate differences decrease during 
ischaemia.'® Thus, as in the case of lactate versus 
free fatty acid differences, the relation between lac- 
tate and glutamate differences at end of pacing need 
not reflect an interaction between substrates; it may 
represent a relation between two markers of 
ischaemia. 

Myocardial glutamate uptake is greater in patients 
with coronary artery disease than in normal con- 
trols. 1? 16 Positron emission tomography has shown 
a high extraction of glutarnate in ischaemic areas of 
the human heart despite reduced blood flow.?7 Frac- 
tional extraction of glutamate is two to three times 
higher than that of lactate (Table). In one patient a 
global extraction of 70% suggests almost complete 
extraction of glutamate by the ischaemic zones. 
Thus, supply of glutamate may be a limiting factor 
for the maintenance of carbohydrate use. 

There was no change in myocardial alanine release 
after propranolol; the slight fall in arterial alanine 
concentration may have been the result of an increase 
in the duration of the overnight fast during the 
second pacing study.7® Alanine release in part 
reflects alanine production from transamination of 
glutamate with pyruvate.?? 

The reduction in regional blood flow in ischaemic 
heart disease means that the direct effect of periph- 
erally administered drugs upon the myocardium is 
likely to be moderate. In our study myocardial free 
fatty acid was reduced and glutamate uptake was 
increased after propranolol; findings which could be 
related to changes in the supply of each of the two 
substances, and thus be explained by extracardial 
actions of the drug—that is inhibition of peripheral 
lipolysis in the case of free fatty acid uptake and 
augmentation of the circulating concentration of glu- 
tamate. Both mechanisms seem to be important for 
improving myocardial lactate extraction in 
unstressed state. During pacing induced tachycardia 
the increased glutamate uptake may be of greater 
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importance. Because myocardial oxygen uptake did 
not change, the results of our study support the idea 
of a metabolic contribution of propranolol in 
relieving angina that is additional to its haemo- 
dynamic effects. 


This study was supported by grants from the Danish’ 


Heart Association. . 
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„Changes in left ventricular function during exercise 
and their relation to ST segment changes in 
patients with angina 
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SUMMARY The high count sensitivity of the non-imaging nuclear probe affords the possibility of 
measuring left ventricular ejection fraction continuously during short term interventions. The 
nuclear probe was used to examine the pattern of change of left ventricular function during 
dynamic exercise and its temporal relation to ST segment depression in 12 patients with stable 
exertional angina. After in vivo blood pool labelling with technetium-99m the left ventricular 
time-activity waveform was detected by the nuclear probe and was continuously recorded on a 
strip chart. The 15 beat mean ejection fraction and the ST segment level 80 ms after the J point 
were measured at rest and every 30 seconds during maximal ergometric exercise and during 
recovery. The mean ejection fraction was 54-3% (range 46-64%) at rest and fell during exercise 
in all subjects by a mean of 16:8% (range 6-25%). In contrast, in a control group of 16 healthy 
male volunteers the mean ejection fraction was 55-9% (range 47-64%) at rest and increased in 
all by a mean of 10:2% (range 3—19% ) during exercise. The difference of ejection fraction 
response to exercise between the patients and controls was due to pronounced increases in relative 
end diastolic and especially end systolic volumes in the patients. Relative stroke volume differed 
between patients and controls only at peak exercise. ST segment depression > 1 mm developed 
in 11 of the 12 patients. A decrease of >5% in ejection fraction occurred within 1 minute of 
starting exercise in nine of the 12, and in 11 patients it preceded the beginning of ST depression. 
In most of this selected group of patients the ejection fraction had fallen during exercise before 
the appearance of ischaemic electrocardiographic changes. 


Invasive studies in animals indicate that myocardial 
ischaemia produces impairment of left ventricular 
function that can be detected before the appearance 
of ischaemic changes in the electrocardiogram.'~ 3 
Non-invasive studies ın man with gated equilibrium 
blood pool methods*~*® and serial first-pass gold- 
195m angiography’ have confirmed that an abnor- 
mal response of the ejection fraction to exercise is a 
sensitive indicator of coronary heart disease and its 
outcome.® These methods suffer from the disadvan- 
tage of a slow response-time, making precise tempo- 
ral correlations difficult. The non-imaging nuclear 
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probe used in the beat to beat mode permits the rapid 
detection of changes in left ventricular function? and 
can be used continuously during exercise and other 
interventions.!°!! 

We have used this technique to examine the tem- 
poral relation between the onset of left ventricular 
dysfunction and the appearance of electro- 
cardiographic evidence of myocardial ischaemia dur- 
ing dynamic exercise in patients with stable angina 
pectoris due to documented obstructive coronary ar- 
tery disease. 


Patients and methods 


We studied 12 patients (10 male, 2 female), mean age 
63-2 years (range 50-71), with stable angina pectoris 
that was reproducible on repeated treadmill testing 
and was associated with ischaemic ST segment de- 
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pression. Coronary artery disease was documented 
by selective arteriography within 30 days of the 
study in all cases: three patients had single vessel, 
three had two vessel, and six had three vessel disease. 
Two had a documented previous myocardial in- 
farction; angina pectoris had been present for a mean 
of 25-3 (range 6-48) months. Antianginal medication 
before the study consisted of a calcium ion antago- 
nist in seven patients, long acting nitrate in three, 
and a beta blocker in two. 

Previous antianginal medication was withdrawn 
gradually, long acting nitrates over at least 48 hours 
and other drugs over at least 14 days. The patients 
rested semi-supine for 30 minutes before the study. 
During this time the blood pool was labelled by 
means of stannous pyrophosphate and technetium- 
99m (740 MBq). Thyroid uptake of technetium was 
blocked by parenteral sodium perchlorate (200 mg). 

The patients performed graded exercise on a re- 
clining cycle in the 25° semisupine position on a 
specially constructed ergometer. After they had 
started to cycle against zero resistance the workload 
was gradually increased over 15 seconds to 150 kilo- 
pond metres per minute (25 W) (kpm/min). This was 
to minimise the initial isometric component of exer- 
cise. The workload was gradually increased every 
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three minutes by 150 kpm/min (25 W) and exercise 
was continued until symptoms appeared. 


LEFT VENTRICULAR FUNCTION MEASUREMENT 
We used the non-imaging nuclear probe (Nuclear 
Stethoscope, Bios Inc.) to detect left ventricular 
time-activity and we established the left ventricular 
and background regions of interest by means of 
operating algorithms and techniques described else- 
where. !? 13 These regions of interest were marked on 
the chest surface with ink and the position of the 
probe was maintained by hand throughout the study 

The unprocessed signal from the scintillation de- 
tector was also fed directly (bypassing the Nuclear 
Stethoscope’s computer) to a signal filter which re- 
duced artefact (but did not distort the peaks and 
troughs of the waveform) and thence to a Watanabe 
strip-chart recorder with paper running at 100 mm 
per minute. A record of each study was also stored on 
magnetic tape. 

We used a ruler to draw a line through the mean 
background counts, and the end diastolic counts 
were measured by hand from this line. The ejection 
fraction (calculated as the mean stroke counts di- 
vided by the mean end diastolic counts over the last 
15 beats of each 30 second interval) was measured 
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Fig. 1 


Left ventricular ejection fraction (EF) in per cent (closed circles) and ST segment level in mm (open circles) in 


12 patients at 30 second intervals during maximal exercise and during recovery, Same data points are massing for techmcal 
reasons Patients’ study number, sex, and the number of angiographically diseased coronary vessels are indicated. The 
vertical interrupted line tn each graph represents the end of exercise. The closed arrows indicate the teme of onset of a 5% 
(absolute) fall in ejection fraction. The open arrows indicate the ttme at which 1 mm ST depression developed relative to 


electrocardiogram at rest. 
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immediately before, during, and for five to six 
minutes after exercise. Extrasystoles and cycles im- 
mediately after an extrasystole were rejected. Back- 
ground was corrected during the third minute of the 
first stage of exercise and the third minute of 
recovery. 

Bipolar electrocardiographic leads CM5 and CC5 
were recorded on a Marquette three channel 
recorder and ST segment displacement was mea- 
sured 80 ms after the J point, in whichever lead 
showed the greatest degree of ST depression. The 
ST level was measured to an accuracy of 0-1 mm 
from the stable isoelectric baseline connecting suc- 
cessive PR intervals. The mean figure for three con- 
secutive beats was measured every 30 8. 


CONTROL SUBJECTS 

We also studied 16 male volunteers (mean age 37-6 
years, range 27-44). None had a history suggestive of 
cardiovascular disease and all had a normal electro- 
cardiogram both at rest and on maximal treadmill 
exercise. They followed the same exercise protocol 
as the patients and the ejection fraction was mea- 
sured every 60s. 


Results 
The symptoms causing patients to stop exercising 


were angina in 10 and dyspnoea and fatigue in one 
each. The patients’ mean exercise time was 7:5 
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‘Fig. 2 Individual ejection fraction values for the controls 
and the patients at rest and at peak exercise. 
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Fig. 3 Percentage change in left ventricular ejection 
Fraction during exercise in 12 patients and 16 normal 
controls, 

minutes (range 4-0-10-5) and the workloads achieved 
were 300 kpm/min (50 W) 1n five, 450 kpm/min (75 
W) in six, and 600 kpm/min (100 W) in one. All but 
one patient developed ST segment depression of 
> 1mm relative to the resting value (mean — 1-8 mm, 
range —0-6 to —3-2). All the control subjects 
reached a workload of 450 kpm/min (75 W) and five 
achieved 600 kpm/min (100 W). All stopped exercise 
because of fatigue, and none developed ST segment 
depression. Some of the ST segment data during 
recovery were lost for three patients (cases 1, 2, and 
5 in Fig. 1) for technical reasons. The individual 
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Fig. 4 Mean left ventricular ejection fraction m patients 
(closed circles) and controls (open arcles) at rest and at 
each minute during exercise and recovery. Vertical bars 
represent S5°% confidence intervals and the adjoming 
numbers indicate the number of observations contributing 
to each data pomt. Fewer patients than normal subjects 
attained the higher workloads. Peak values include different 
workloads. Statistically sigmficant divergence between 
patients and normal subjects occurred within one minute of 
the start of exercise and persisted until two minutes into 
recovery. 


Continuous left ventricular function during exerctse 


O Normals (n= 16) 
@ Patients with CAD (n=12) 


N 
oO 


ri Fogo ue d 


| 1l 


° 


le Cha Inge in relative SV 
NS 
o 


Rest 1 2 3 4 5 6 7 8 9 Peak 
Exercise time (mm) 
© O Normals (n=16) 
@ Patents with CAD (n=12) 
60 
a 
- ] I ] | | e I 
(| HI 
} 9 ee 
z ore 
-20 


2345 6 7 8 9 
Exercise time (min) 


Rest 1 Peak 


151 


©) 140 


120 


© Normals (n=16) 
@ Patients with CAD (n=12) 


100 2 


ne 


*i, Change in relative ESV 





da 
Eoy ; 


2 3456789 
Exerase time (min) 


Rest 1 Peak 


Fig.5 Mean per cent change relative to rest each minute during supine cycle ergometry for (a) stroke volume (SV), (b) 
end systolic volume (ESV), and (c) end diastolic volume (EDV). Symbols as in Fig. 4. CAD, coronary artery disease. 


resting and peak exercise ejection fraction values are 
shown for controls and patients in Fig. 2. 

The mean ejection fraction of the 12 patients was 
54:3% (range 46%-64%) at rest and during exercise 
this decreased in all (mean 16 8%, range 6%-25%) 
(Fig. 3). In the controls the mean ejection fraction 
was 55:9% (range 47% -64% ) at rest and this in- 
creased during exercise in all (mean 102, range 
3%-19%). The mean values of ejection fraction at 
rest and at each minute during exercise and recovery 
in both patients and controls are shown in Fig. 4. 
The ejection fraction fell in both groups during the 
first minute of exercise. The fall in the control group 
was not statistically significant and was reversed as 
exercise continued. The ejection fraction at one 
minute of exercise was significantly lower in the pa- 
tient group than in the controls, and this difference 
was maintained throughout exercise and until 2 
minutes into recovery. The ejection fraction fell by 


more than 5% absolute in all patients; in nine this fall 
occurred within the first minute of exercise and in 
seven within 30 seconds. 

Fig. 5 shows the percentage change of the mean 
end diastolic, end systolic, and stroke volume each 
minute during exercise and at peak exercise relative 
to the resting values. The relative end diastolic and 
end systolic volumes of patients and controls div- 
erged within the first minute of exercise whereas 
relative stroke volume did not differ until peak exer- 
cise, when the patients’ stroke volume had decreased 
relative to that of the controls. Mean end diastolic 
volume changed little (+0-5% relative to rest) in the 
normal controls (increased in nine, unchanged in 
three, decreased in four at peak exercise). Thus the 
increase (+ 12%) of mean stroke volume (increased 
in 15, decreased in one subject) and ejection fraction 
was due to a decrease (—9%) of end systolic volume 
(10 out of 16 subjects). By contrast both diastolic and 








Fig. 6 Exercise test in a man of 63. (a) Time-actrvity 
curve (compressed form, paper speed 10 mm per mmute) at 
rest, during exercise, and after exercise. The start and end 
of exercise are indicated by closed arrows and the per cent 
values are the ejection fraction at rest and peak exercise. 
The open arrow indicates when ejection fraction fell by 5% 
absolute. The probe was moved to background at rest, 
during the first stage of exercise, and during recovery. Blips 
are seen in the time—activity waveform when the patient 
coughed. (b) ST segment trend with the time of onset of 

1 mm depression relative to the electrocardiogram at rest 
indicated by an open arrow. EDC, end diastolic counts; 
SC, stroke counts 


` systolic volumes increased (mean increases 31% and 
84% respectively) in all 12 patients at peak exercise, 
and mean stroke volume decreased slightly (mean 
fall 9%; decreased in seven, unchanged in one, in- 
creased in four), resulting in pronounced reductions 
of ejection fraction in all. 

In 11 of the 12 patients the ejection fraction had 
decreased by 5%. absolute before the appearance of 
1mm ST segment depression (Fig. 1), including the 
one man who did not develop 1 mm ST depression 
at any time. 

Background counts increased during exercise and 
then returned to the resting level during recovery in 
10 of the 12 patients. The compressed record of the 
time-activity waveform of a representative patient is 
shown in Fig. 6 with the ST segment trend plotted 
below. 


Discussion 


The accuracy of the non-imaging nuclear probe for 
measuring left ventricular ejection fraction at rest is 
well established’ 14 and has been validated in our 
laboratory.'* We have also compared the probe mea- 
surements of ejection fraction at peak semisupine 
cycle exercise with the results obtained with a digital 
gamma camera and we found good agreement be- 
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tween the methods.'! The high count sensitivity of 
the probe permits beat to beat data acquisition and 
thus detection of rapidly occurring changes in left 
ventricular function. The maintenance of the probe 
over the left ventricular region of interest requires 
skill on the part of the operator,!? !* particularly 
during dynamic exercise,’!'3 but with experience 
continuous detection of left ventricular tme-activity 
is possible even during maximal dynamic exercise. 
The stability of the exercising subject’s chest was 
maintained in this study by careful attention to the 
seat position and the distance from the seat to the 
cycle pedals. The probe method is simpler than the 
first pass gold technique and avoids the need for 
repeated injections of an expensive radionuclide and 
the use of a digital or multicrystal gamma camera. It 
has the disadvantages, however, of not providing 
information about wall motion abnormalities and of 
requiring exercise to be performed in the supine or 
semisupine position.'® 

Previous studies have suggested that a few patients 
with coronary artery disease increase their ejection 
fraction during supine exercise whereas in many the 
ejection fraction does not change during exer- 
cise.*® U In all our patients the ejection fraction had 
fallen by at least 6% (absolute) at peak exercise. This 
difference can be explained by the selection criteria 
for our patients, all of whom had established angina 
and ST depression on treadmill exercise testing and 
most of whom had multivessel coronary artery dis- 
ease, Higginbotham et al reported that a fall of ejec- 
tion fraction during upright exercise identified a 
group of coronary patients with a high mortality 
during subsequent follow up.'® 

There was a consistent pattern of change of ejec- 
tion fraction during exercise in our patients with 
coronary artery disease (Fig. 1). In nine of the 12 
patients the ejection fraction decreased by at least 
5% absolute within one minute of the start of exer- 
cise and in all but one this decrease became more 
pronounced as exercise progressed, In the remaining 
three patients the fall in ejection fraction was delayed 
until 3, 4, and 8-5 minutes of exercise. Even in these 
patients, however, a further decrease of ejection frac- 
tion occurred as exercise continued. Thus our results 
do not confirm the variability in the evolution of 
ejection fraction response to upright exercise ob- 
served by Wackers and coworkers’ or that noted by 
Brady et al in response to supine exercise,* These 
workers found increases in ejection fraction during 
exercise in some patients; the relatively homoge- 
neous response of our patients was probably the re- 
sult of our selection criteria. 

The inizial fall of ejection fraction at the start of 
exercise in most of our patients is worthy of com- 
ment, particularly since there was a smaller and sta- 
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tistically non-significant fall in the controls (Fig. 4). 
This is probably related to the inevitable isometric 
component inherent in the start of semisupine cycle 
exercise. Isometric exercise has been shown to in- 
duce a fall in ejection fraction in normal subjects!’ as 
well as patients with coronary artery disease?° Sec- 
ondly the increase in venous return which occurs at 
the onset of dynamic exercise is greater and therefore 
causes a more pronounced rise in end diastolic vol- 
ume in the supine position. The fact that other work- 
ers have not reported a decrease of ejection fraction 
during supine exercise in normal subjects may be 
due to their not recording ejection fraction during 
the first minute of exercise, since this can be done 
only with the non-imaging nuclear probe; the ejec- 
tion fraction at the first minute of upright exercise 
has been measured by the gold-195m first pass tech- 
nique.’ 

The fact that the ejection fraction of patients with 
coronary artery disease was significantly less than 
that of the controls after only one minute of exercise 
suggests that the difference could be due to the early 
onset of ischaemia, probably caused by the sudden 
increase in afterload that results from the isometric 
component inherent in ergometric exercise. The rise 
in left ventricular end diastolic pressure at the start 
of exercise in patients with ischaemic heart disease is 
well documented?! and supports the suggestion that 
the rapid deterioration of left ventricular function in 
patients as compared with controls may be related to 
myocardial ischaemia. 

The observation that left ventricular dysfunction 
due to myocardial ischaemia can occur in the absence 
of, or before, the appearance of electrocardiographic 
changes has been made both by invasive’ ~? and non- 
invasive means.?? 23 Theroux et al showed that im- 
pairment of canine myocardial contractility, as 
measured by microsonometers implanted in the 
myocardium, could be detected within 15 seconds of 
ligating the coronary artery supplying that area of 
myocardium.?* Similar observations were made by 
Battler et al.? Upton er al demonstrated a reduction 
in ejection fraction by first pass radionuclide angio- 
graphy that was detectable during submaximal up- 
right exercise before the appearance of ST segment 
depression in 19 of 25 patients who resembled those 
in the present study.?? Using exercise M mode and 
cross sectional echocardiography, Sugishita et al ob- 
tained similar results from patients performing su- 
pine cycle ergometry”*; however, the reproducibility 
of exercise echocardiography is questionable. 

The decrease of ejection fraction with exercise in 
the patients was due to a large increase in relative end 
systolic volume (+84% relative to rest). Relative 
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changes in left ventricular volumes during supine 
exercise in patients with angina by contrast and ra- 
dionuclide ventriculography were similar, with small 
decreases in stroke volume, small or no increase in 
end diastolic volume, and pronounced increases in 
end systolic volume.?! 75 26 Lahiri et al measured left 
ventricular end diastolic pressure and beat to beat 
ejection fraction with the nuclear probe during atrial 
stress pacing in patients with coronary artery dis- 
ease, and they concluded that the fall in ejection 
fraction and increase in end diastolic pressure were 
closely related.'! 

The method of evaluating left ventricular function 
by the non-imaging nuclear probe gives information 
not available by any other non-invasive means. Fur- 
ther improvement in this technology!‘ 7” may lead to 
a better understanding of the underlying mech- 
anisms of both induced and spontaneous myocardial 
ischaemia. Further study is required to determine 
whether the observed rapid fall in ejection fraction in 
this selected group of patients is truly due to myo- 
cardial ischaemia or due to an isometric component 
inherent in the exercise protocol, whether it is re- 
producible, and what the underlying haemodynamic 
alterations may be. These results, however, suggest 
that impairment of left ventricular function is a more 
sensitive indicator of myocardial ischaemia than 
electrocardiographic changes. 


We thank Mr John Crawley and Mr David Hinge for 
valuable assistance. 
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Comparison of electrocardiographic and 
echocardiographic measures of left ventricular 
hypertrophy in the assessment of aortic stenosis 


MARK DANCY 
From the Department of Cardiology, St George’s Hospital, London 


SUMMARY One hundred and nineteen patients with a clinical diagnosis of important aortic 
stenosis were assessed clinically and by electrocardiography and M mode echocardiography to 
determine the degree of left ventricular hypertrophy. Predicted left ventricular pressure was 
calculated from two previously described formulas. Comparisons were made between the various 
methods for assessing left ventricular hypertrophy to see which method most reliably predicted 
the severity of the stenosis as defined by invasive measurement of left ventricular pressure and 
peak aortic valve gradient. Direct measurement of left ventricular wall thickness from the 
echocardiogram, expressed as the mean of septal and posterior wall thickness, was the most 
accurate predictor (r=0-75 for 29 patients with high quality echocardiograms), and surpassed 
derived indices (left ventricular mass (r =0-68) and predicted left ventricular pressure derived 
from the two formulas (r=0-39 and r=0-68)) in adults. Echocardiographic results were 
significantly better than electrocardiographic, but only when the recordings were of very high 
quality. Average quality echocardiograms were no better than precordial electrocardiographic 
voltages for predicting the severity of aortic stenosis. The formulas for predicting left ventricular 
pressure were of more value in children than in adults, but they were still not sufficiently accurate 
to be predictive in individual cases. Electrocardiographic voltages were more accurate predictors 
of the severity of aortic stenosis in children than in adults. 


The detection of left ventricular hypertrophy has 
become an important clinical goal, particularly 
for the diagnosis of aortic valve disease and the 
assessment of hypertension. There are several 
methods of evaluating left ventricular hyper- 
trophy—palpation of the apex beat, measurement of 
numerous electrocardiographic variables, and, more 
recently, echocardiography——-but there is little 
information about the relative reliability of these 
various techniques in predicting the severity of 
aortic stenosis. 

This study compares the clinical, electro- 
cardiographic, and echocardiographic assessments 
of left ventricular hypertrophy with the haemo- 
dynamic findings in patients suspected of having 
ımportant aortic stenosis. 
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Patients and methods 


One hundred and nineteen patients with a clinical 
diagnosis of important aortic stenosis were studied 
at admission for cardiac catheterisation. There were 
71 males and 48 females (mean age of 51 years, range 
16-76). All patients had undergone clinical 
assessment, 12 lead electrocardiogram, and M mode 
echocardiography in addition to cardiac 
catheterisation. Mean peak systolic gradient across 
the aortic valve was 68 (35) mm Hg, and mean left 
ventricular pressure was 197 (41) mm Hg. Patients 
with bundle branch block, previous myocardial 
infarction, established hypertension, or important 
aortic valve regurgitation were excluded. 

The presence or absence of left ventricular 
hypertrophy was assessed clinically by palpation of 
the cardiac apex with the patient turned on the left 
side. Two measures of precordial electrocardio- 
graphic voltage were used: the Sokolow-Lyon 
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index! (S-V1+R-V5 or V6235 mV) and the 
McPhie index? (max S+ max R245 mV). The 
presence or absence of appreciable lateral ST 
depression (>1 mm) was noted. No patient was 
taking digoxin. Standard M mode echocardiograms 
were measured with a Numonics analyser (Smith 
Kline instruments) that allows rapid repeated 
measurements of the same variable in different 
cardiac cycles and produces a mean value. At least 
five measurements were made for each variable. The 
following were measured by the method recom- 
mended by the American Society of Echocardio- 
graphy?: interventricular septal thickness at end 
systole and end diastole (IVS, and IVS,); posterior 
free wall thickness of the left ventricle at end systole 
and end diastole (LVW, and LVW,); and left 
ventricular minor axis dimension at end systole and 
end diastole (D, and D,). From these data the 
following were calculated: 

(a) Mean left ventricular wall thickness at end 
systole and end diastole (mean, and mean,) by 
dividing the sum of septal and posterior wall 
thicknesses by two. 

(b) Diastolic left ventricular mass by the 
Teichholz formula‘ to derive left ventricular volume 
(taking the specific gravity of cardiac muscle to be 
1-05 g/em?.* 





7 
Massy 109 (tvv; FIVS, + Dza) x 


7 
(LVW, + IVS, + Dy’ = (sz) x De) 


(c) Predicted left ventricular pressure (LVP,) by 
two formulas: 


LVP, = 225 x (LVW,/D,)mm Hg® 
and 

LVP, = 6 + 298 x mean,/r mm Hg’ 
where r = is the diastolic cavity radius. 


(d) Mean rate of circumferential shortening (mean 
Vcf) was calculated in circumferences per second as 
a measure of overall left ventricular function from 
the formula described by Fortuin er al.® 

Patients with reduced left ventricular function 
(mean Vef <1 cire/s) were excluded from parts of 
the analysis as it had been stressed in a previous 
study that the assumptions necessary for applying 
the formulas for predicting left ventricular pressure 
were invalid if left ventricular function was 
abnormal.® Mean Vcf was chosen as the measure of 
left ventricular function because it was the original 
measure used by Bennett et al. Although there may 
now be better methods of estimating left ventricular 
function, in the present study mean Vcf.>1 circ/s 
was a valuable and fairly strict criterion for good left 
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ventricular function, as was shown by subsequent 
calculation of ejection fraction from the 
cineangiograms (by digitising end systolic and end 
diastolic frames). Thus only one of 29 patients with 
mean Vcf >1 circ/s bad an ejection fraction of 
<50% , and the mean for the group was 67%. All 
the patients with a mean Vef > 1 circ/s had a normal 
end systolic dimension on the echocardiogram. 

All the echocardiograms were measured 
regardless of their quality. The technical quality of 
each echocardiogram was assessed. as either good 
(unquestionably high quality), fair (the sort of 
quality which would normally be considered 
acceptable for measurement but which was not quite 
as clear as the good quality echocardiograms, for 
example one endocardial boundary poorly defined), 
or poor. This classification meant that the 
importance of technical quality in determining the 
predictive value of echocardiographic measurements 
could be assessed in the subsequent analysis. 

All patients. underwent cardiac catheterisation 
during which-peak left ventricular pressure and peak 
systolic gradient across the aortic valve were 
measured. These two measurements were correlated 
with the-estimates of left ventricular hypertrophy 
and predicted. left ventricular pressure discussed 
above. The advantage of using left ventricular 
pressure as an independent variable is that it 
circumvents some of the problems associated with 
coexisting hypertension. Cardiac output was not 
measured routinely, and although this could have 
introduced bias in the patients with low cardiac 
output,-part of the subsequent analysis excluded 
patients with poor left ventricular function dow 
mean rate of circumferential shortening). None of 
the patients had important aortic regurgitation on 
clinical, echocardiographic, or aortographic 
grounds. 


ANALYSIS OF RESULTS 

The ability of the different measures of left 
ventricular hypertrophy to predict the degree of 
aortic stenosis (as measured by gradient across the 
aortic valve or left ventricular pressure) was assessed 
by calculating sensitivity and specificity, and, in the 
case of continuous variables, by determining the 
correlation coefficient as well. To calculate 
sensitivity and specificity the dividing line between 
important and non-important aortic stenosis was 
taken to be a gradient of 50 mm Hg or a left 
ventricular pressure of 180 mm Hg. 


Sensitivity -. (%)=(true positives correctly 
diagnosed/total true positives) x 100 
Specificity -.. (%)=(true. negatives correctly 


diagnosed/total true negatives) x 100 
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Table 1 Sensitivity and specificity of various measures of left ventricular hypertrophy as predictors either of the gradient 
across the aortic valve or of left ventricular pressure in patients with aortic stenosis 








Predictor Criterion Predicted Sensnvity (%)  Specfiaty (%) Accuracy (%) Group 
Chmceat LVH Present or absent AVG 81 54 68 1 
LVP 73 44 58 1 
ST depression ST depression >l mm AVG 78 73 76 1 
LVE 83 61 75 1 
Sokolow-Lyon! S-V1-+R-V5/6 >35mV AVG 85 31 69 l 
LVP 83 24 64 1 
McPhie* Max S+ Max R >45 mV AVG 74 57 69 1 
LVP TI 47 68 I 
Mean, Mean, #1 15cm AVG 89 73 83 4 
LVP 77 81 79 4 
Bennett! LVP, >180 mm Hg AVG 34 83 60 4 
LVP 38 75 59 4 
Azz’ LVP, > 180 mm Hg AVG 33 100 56 4 
LYP 38 93 69 4 





Mean,, mean diastolic left ventricular wall thickness; LVH, left ventricular hypertrophy; AVG, aoruc valve gradient; LVP, left 


ventricular pressure; LVP „ predicted left ventricular pressure. Bennett and Aziz are the two formules for 


Accuracy (%)=((positives+negatives correctly 
diagnosed)/total tested) x 100 
(reference?) 


Correlations between the gradient or left ventricular 
pressure and the various measures of left ventricular 
hypertrophy were made initially with all the patients 
included (group 1), and then with subgroups 
selected from group 1: group 2, all patients with 
high quality echocardiograms; group 3, those 
patients with a mean rate of circumferential 
shortening >1 circ/s (a prerequisite for the 
application of Bennett’s formula)®; group 4, those 
patients with high quality echocardiograms and 
mean rate of circumferential shortening > 1 circ/s; 
group 5, those patients with fair quality 
echocardiograms and mean rate of circumferential 
shortening > 1 circ/s. 

' Although these groupings could only be expected 
to affect the correlations of the echo-derived 


culating LVP,- 


variables, identical groups were used to determine 
the correlation of electrocardiographic variables 
with the pressure gradient across the aortic valve 
and left ventricular pressure to avoid the possibility 
that selection of patients from the total study 
population might have created unrepresentative 
groups. A group of 13 children aged less than 16 
years was also analysed separately (group 6). 


Results 


CLINICAL ASSESSMENT 
Left ventricular hypertrophy detected clinically 
had a reasonable sensitivity but poor specificity 


(Table 1). 


PREDICTION OF SEVERITY OF AORTIC STENOSIS 
BY ELECTROCARDIOGRAM 
Table 1 gives the sensitivity and specificity for the 


Table 2 Correlation coefficients for relations between measures of left ventricular hypertrophy and the pressure gradient 


across the aortic valve or left ventricular pressure 





Group 
Measure of LVH AVGorLVP 1 2 
(n= 119) (n=50) 
S-V1 + R-V5/6 AVG 027 0 42 
LVP 0-08 014 
Max R + Max S$ AVG 0 23 023 
LVP 012 0 24 
Mean, AVG 045 0 63 
LVP 0 52 0 66 
Mass AVG 0 36 050 
LYP 040 054 
Bennett? AVG 018 005 
LVP 016 0 005 
Azz’ AVG 035 058 
LVP 039 058 


3 4 5 

(nm62) (n=29) (n= 25) (nm 13) 
012 0-34 034 0 32 

—0 10 0-05 005 0 42 
0 22 012 040 041 
007 ool 022 058 
0 43 059 023 037 
0 63 075 0 44 0-19 
041 051 029 _ 
058 068 0 40 _ 
031 039 035 072 
0 34 039 035 0 68 
0-33 0 60 0-12 0 48 
0-46 0-68 0-13 030 





Mean,, mean diastolic left ventricular wall thickness; AVG, aoruc valve gradtent, LVH, left vencricular hypertrophy; LVP, left 


ventricular pressure. 
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Correlation of measured left ventricular pressure with three variables in 29 patients with high quality 
echocardiograms and good left ventricular function: (a) mean end diastole left ventricular wall thickness (mean,) ; 
(b) predicted left ventricular pressure as calculated from the formula of Bennett et alf; and (c) predicted left 
ventricular pressure as calculated from the formula of Aztz et al.’ 95%, confidence intervals (95% GI) for 
standard error (SE) for the prediction of left ventricular pressures measured at catheterisation are shown. 


voltage criteria and ST depression. Sensitivity was 
fair but specificity poor for the voltage criteria. 
Sensitivity was similar and specificity greater with 
ST depressions, giving an overall accuracy that was 
5-8% more than by voltage criteria. Correlation 
coefficients relating precordial voltages to pressure 
gradient across the aortic valve and left ventricular 
pressure were low (Table 2). 


PREDICTION OF SEVERITY OF AORTIC STENOSIS BY 
ECHOCARDIOGRAPHY 

Left ventricular wall thickness 

Correlations were determined between left 
ventricular pressure or pressure gradient across the 
aortic valve and septal thickness, left ventricular 
posterior wall thickness, and mean left ventricular 
wall thickness at end systole and end diastole. In 
general end diastolic measurements correlated better 
with the haemodynamic variables than end systolic 
measurements, and mean wall thickness correlated 


better than either septal or posterior wall thickness 
alone. In the group as a whole (group 1) left 
ventricular wall thickness predicted the severity of 
stenosis better than precordial electrocardiographic 
voltages. The highest correlation coefficient was 
found when’ 29 patients with good quality 
echocardiograms and mean Vcf >1 circ/s were 
selected (group 4) and the relation between mean 
diastolic wall thickness and left ventricular pressure 
was examined (r =0:75) (Table 2, Fig. a). 

Sensitivity and specificity were calculated based 
on the premise that a mean left ventricular wall 
thickness >1-:15 cm at end diastole indicated 
important ventricular hypertrophy (all echocardio- 
graphic measurements were made to the nearest 0-1 
cm, but the process of calculating means produced 
figures with two places of decimals). For group 4 
this gave a sensitivity of 89%, specificity of 73%, 
and accuracy of 83% for the prediction of pressure 
gradient across the aortic valve, the highest values 
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for any of the methods used in this study. When the 
fair quality echocardiograms of patients with a mean 
rate of circumferential shortening >1 circ/s were 
analysed separately (group 5) correlations with left 
ventricular pressure and pressure gradient across 
the aortic valve were poor and resembled 
correlations with precordial electrocardiographic 
voltage. Even with the high quality 
echocardiograms, 95% confidence intervals for 
predicing left ventricular pressure from mean 
diastolic wall thickness were wide (Fig. a}—with a 
mean wall thickness of 1:15 cm predicting a left 
ventricular pressure of between 130 and 230 mm 
Hg. A mean wall thickness of 1-75 cm or greater was 
highly likely to be associated with a left ventricular 
pressure of greater than 180 mm Hg. 


Left ventricular mass 

The pattern of correlation coefficients for left 
ventricular mass was qualitatively similar to that 
with wall thickness, but less close (Table 2). 


Predicted left ventricular pressure 
Neither of the two formulas for predicting left 
ventricular pressure was as closely correlated with 
measured left ventricular pressure as was mean 
diastolic wall thickness, and 95% confidence 
intervals were wider (Table 2, Fig. b). Again, end 
diastolic measurements (as used in the formula of 
Aziz) were better predictors than end systolic 
measurements (as used in the formula of Bennett). 
When a group (group 6) of children (<16 years) 
was analysed, the results were completely different 
(Table 2). The correlation of pressure gradient 
across the aortic valve or left ventricular pressure 
with mean diastolic wall thickness was poor, 
presumably because of the wide range of ages and 
therefore heart sizes in the group. The formulas for 
predicting left ventricular pressure, particularly the 
Bennett formula, were considerably more accurate. 


Discussion 


The electrocardiographic?~!! and echocardio- 
graphic’? methods of demonstrating left ventricular 
hypertrophy have been separately evaluated in 
several studies, but the strengths and weaknesses of 
the methods cannot be demonstrated except by 
comparing them within the same group of patients. 
In one study in which this has been done it was 
concluded that precordial voltages were more 
accurate in predicting the severity of aortic stenosis 
than was echocardiographic measurement of left 
ventricular hyertrophy.‘7 The criteria for 
diagnosing left ventricular hypertrophy by 
echocardiogram were not stated, however, and the 
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quality of the echocardiograms was not assessed. 
One of the strengths of electrocardiography is that 
it can be performed on all patients and there are no 
important technical constraints in making a 
recording. With echocardiography the technical 
quality of the recording is of great importance, 
particularly when thicknesses are measured, since 
even small errors are a considerable proportion of 
the total measurement.’ In this study high 
standards were achieved in 42% of patients. When 
poorer quality echocardiograms were analysed, the 
correlations with pressure gradient across the aortic 
valve and left ventricular pressure were reduced to 
those achieved by electrocardiogram. When high 
quality echocardiograms were available, mean 
diastolic left ventricular wall thickness was the best 
predictor of the severity of aortic stenosis. In 
children wall thickness was a poor predictor of aortic 
stenosis because the range of heart sizes was much 
greater than that in adults. Precordial voltage, 
however, was if anything more accurate when 
applied to children than when applied to adults. 


HYPERTENSION 

Hypertension is a potentially confounding variable 
in the relation between left ventricular wall 
thickness and pressure gradient across the aortic 
valve. Patients with established hypertension were 
excluded from the study, and no patients were on 
hypotensive treatment (even for angina). On 
admission to hospital five patients had a diastolic 
blood pressure of > 100 mm Hg, but none was > 110 
mm Hg. Their mean (SD) systolic blood pressure 
was 158 (13) mm Hg. Because hypertension had not 
previously been recognised in these patients they 
were included in the study. Only two satusfied the 
criteria for group 4 (mean rate of circumferential 
shortening >1 circ/s and high quality 
echocardiograms). 


FORMULAS FOR PREDICTING LEFT 
VENTRICULAR PRESSURE 

The theoretical basis for predicting left ventricular 
pressure is a highly simplified form of the law of 
Laplace, which states that circumferential stress in a 
thin-walled sphere is proportional to internal 
pressure and cavity diameter and inversely 
proportional to wall thickness. With several major 
assumptions this may be applied to the left 
ventricle. On the basis that the hypertrophic 
response acts to keep peak circumferential wall 
stress constant in pressure overload (at least until the 
left ventricle fails'®), left ventricular pressure is 
proportional to the ratio of left ventricular wall 
thickness to cavity dimension. Bennett er al were the 
first to realise the potential of this relation to predict 
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left ventricular pressure by non-invasive means.° A 
number of similar formulas have since been 
devised’ 17~21and have been shown to predict left 
ventricular pressure with some accuracy, although 
there have been reservations.27?3 The formula of 
Aziz et al’ was claimed to be superior because it used 
end diastolic measurements (rather than the end 
systolic measurements of Bennett’s formula), since 
peak systolic wall stress occurs at the onset of systole 
before there has been appreciable fibre shortening. 

Whatever the theoretical basis for the formulas, 
they all contain the well documented relation 
between left ventricular pressure and wall thickness, 
and for practical purposes it is important to know 
how much the formulas depends on this relation for 
their correlation, and how much the inclusion of the 
second variable, cavity dimension, alters the cor- 
relation. In the present study it was quite clear that 
except in children the correlation between left ven- 
tricular pressure and ventricular wall thickness was 
closer than the correlation between measured and 
predicted left ventricular pressures from the two 
formulas whatever group of adult patients was cho- 
sen. Left ventricular wall thickness was a poor pre- 
dictor of left ventricular pressure in children, how- 
ever, presumably because of the large range of heart 
sizes, and in children the Bennett formula per- 
formed reasonably well (r=0-68). There is a close 
relation between cavity dimension and body surface 
area in children, even in those with aortic stenosis,’ 
and the most likely explanation of these findings is 
that cavity dimension functions as a normalising 
variable and therefore is of most value in children 
where the range of cavity dimensions is largest. 
Although sensitivity was very low for the Aziz for- 
mula, specificity was high (93%). This was largely 
due to the fact that the formula tended to under- 
estimate left ventricular pressure, particularly at the 
lower end of the pressure range as is shown by the 
regression line (Fig. c). 

There are several other possible reasons why the 
formulas for predicting left ventricular pressure 
from echocardiographic recordings are inaccurate. 


Poor quality of echocardiographic recordings 

Poor images cannot provide accurate measurements, 
and it 1s clear that the quality of echocardiographic 
recording is highly important. Poor image quality 
does not, however, explain why in the present study 
left ventricular wall thickness was a better predictor 
of left ventricular pressure than the two formulas 
since the same echocardiograms were used for deter- 
mining both sets of correlations. 


Inaccuractes of measurement 
Small inaccuracies of measurement are inevitable 
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even in good quality echocardiograms,”* although 
making repeated measurements minimises the 
errors.!* In the calculation of a ratio such as 
LVW,/D4, however, inaccuracies tend to be ampli- 
fied because an error ın locating either endocardial 
boundary will increase one measurement and 
decrease the other. An error of as little as 1 mm in 
either endocardial boundary may change the pte- 
dicted left ventricular pressure by as much as 
20mm Hg. 


Assumptions in the derivation of peak arcumferential 
wall stress 

The estimation of peak circumferential wall stress 
by M mode echocardiography requires the assump- 
tion that the left ventricle behaves as a thin walled 
sphere. If this assumption is only partly correct then 
the accuracy with which left ventricular pressure can 
be predicted by M mode echocardiography will be 
limited, even with a technically perfect recording.. 


Constancy of wall stress in aortic stenosis 
There is new a considerable body of experience sug- 
gesting thet the process of adaptation to increase 
afterload is stimulated by abnormal wall stress and 
completed only when wall stress is returned to nor- 
mal.'®?5 ‘There have, however, been two reports of 
abnormal wall stress in patients with compensated 
aortic stenosis.76 27 

The results of this study allow a clearer under- 
standing of the place of these various methods of 
assessing left ventricular hypertrophy in the 
investigation of patients suspected of having 
important aortic stenosis. Of course in the clinical 
setting none of these variables would be used alone 
for the assessment of an individual patient, but a 
knowledge of the sensitivity, specificity, and 
confidence intervals indicates how much weight to 
place on a particular result. In adults, who ate good 
echocardiographic subjects, mean diastolic wall 
thickness provides more reliable information than 
either the electrocardiogram or left ventricular pres- 
gure predicted from formulas. If the echo- 
cardiograms are anything less than high quality their 
reliability resembles that of the electrocardiogram. 
In children left ventricular pressure predicted from 
the echocardiogram is the most accurate method, 
but the correlations are not sufficiently strong for an 
investigator to be confident in borderline cases. 


I am grateful to Graham Leech for his criticism of 
this paper. 
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Computer assisted echocardiographic assessment of 
left ventricular function before and after anatomical 
correction of transposition of the great arteries 
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From tHarefield Hospital, Harefield, Middlesex; {Brompton Hospital, London; and *Medical College of 
Georgia, Augusta, Georgia, USA 


SUMMARY Left ventricular function before and after anatomical correction of transposition of the 
great arteries was assessed by computer assisted analysis of 78 echocardiographs from 27 patients 
obtained one year before to five years after operation. Sixteen patients had simple transposition, 
and 11 had complex transposition with additional large ventricular septal defect. Immediately 
after correction mean shortening fraction fell from 46 (9)% to 33 (8)%. There was a corresponding 
drop in normalised peak shortening rate from 5-4 (3-7) to 3-3 (1-1)s7! and normal septal motion 
was usually absent. Systolic shortening fraction increased with time after correction and left 
ventricular end diastolic diameter increased appropriately for age. The preoperative rate of free 
wall thickening was significantly higher in simple (5-6(2-8) s~') and complex transposition 
(4:5 (1-8) 37+) than in controls (2:9 (0-8) s~ 1). After operation these values remained high in both 
the short and long term. Thus, computer assisted analysis of left ventricular dimensions and their 
rates of change before and after anatomical correction showed only slight postoperative changes 
which tended to become normal with time. Septal motion was commonly absent after operation. 
This was associated with an increase in the rate of posterior wall thickening that suggested normal 
ventricular function associated with an altered contraction pattern. 

Computer assisted echocardiographic analysis may be helpful in the long term assessment of 
ventricular function after operation for various heart abnormalities. 


When compared with intra-atrial procedures! ? for 
transposition of the great arteries, anatomical cor- 
rection offers the potential advantage of converting 
the left ventricle to a systemic pump.* There are few 
data on left ventricular function immediately after or 
long after anatomical repair, and a safe, 
repeatable, preferably non-invasive, method of 
assessment is required. Computer assisted echo- 
cardiographic analysis is a sensitive reliable method 
of assessing ventricular function in both children* 
and adults,* and we have used it to evaluate patients 
before and after anatomical correction of trans- 
position of the great arteries. 
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Patients and methods 


STUDY GROUPS 

We studied 27 patients who underwent anatomical 
correction of transposition of the great arteries. 
These children comprise 75% of all those who un- 
derwent this procedure at Harefield Hospital from 
October 1976 to January 1982. Most of the remain- 
ing children live abroad and were unavailable for 
re-examination. There was no other known bias in 
patient selection. Sixteen children (59%) had simple 
transposition without other important defects and 11 
(41%) had additional lesions—-a ventricular septal 
defect in 10 and an aortopulmonary window in one. 
All patients with simple transposition underwent 
either pulmonary artery banding or pulmonary ar- 
tery banding combined with a Blalock-Taussig 
shunt® from 12 to 2-5 months before anatomical cor- 
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rection. Age at definitive repair ranged from 1 to 120 
months (mean 14-6 months). Operative technique 
and perioperative management have been reported 
elsewhere.’ 

Preoperative echocardiograms were recorded 
from eight months to one day before anatomical cor- 
rection, early postoperative echocardiograms from 
one day to six months after repair, and late post- 
operative studies from six months to five years after 
repair. 

The control population consisted of 36 healthy 
children aged 18 to 97 months (mean 71-8). Some of 
these data have been reported in a previous paper.* 


M MODE BCHOCARDIOGRAMS 

Echocardiograms were obtained in the standard 
manner® with a Smith-Kline Echoline machine in- 
terfaced with a Cambridge 70-A Multichannel 
recorder. An appropriate transducer was used with 
the patients in supine or left lateral position. Paper 
speed was usually 75 mm per second and a simulta- 
neous electrocardiogram was always recorded. The 
transverse dimension of the left ventricle was always 
measured at the level of the mitral valve tips. An 
echocardiogram was acceptable for inclusion in the 
study when the right and left septal surfaces, left 
ventricular free wall endocardium, and left ventricu- 
lar free wall epicardium were simultaneously dis- 
played. The leading edge of each structure was 
traced in at least two and usually in five beats and the 
results were averaged. No premature or post- 
extrasystolic beats were included. There were 78 ac- 
ceptable echocardiograms among 232 that were 
performed. Most of the original echocardiograms 
were unacceptable for digitisation because all four 
surfaces were not simultaneously imaged. 


DIGITISATION 

Tracings were digitised by the method of Gibson 
and Brown.’ End diastolic dimension was measured 
synchronously with the electrocardiographic Q 
wave. End systolic dimension was measured at the 
tme of peak anterior motion of the posterior wall 
endocardium. This method differs from that recom- 
mended by the American Society of 
Echocardiography!’ because a method based on 
maximum posterior septal motion is inapplicable in 
a population with abnormal septal motion. 

We analysed plots of left ventricular dimension, 
rates of change of dimension, normalised rates of 
change of dimension, as well as posterior wall and 
septal thickness and the rate of change of the thick- 
ness of the posterior wall (Fig. 1). From these mea- 
surements we obtained peak rates of change of 
dimension and wall thickness in both systole and 
diastole. 
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Fig.1 Typical computer printout of digitised beat showing 
echocardiogram, continuous left ventricular (LV) dimen- 
ston mth tıme, change in dimension untth change in time, 
normalised change in dimension with change in time. Peak 
normalised rate of emptytng and rate of filling are 
mdicated by ®. 


STATISTICAL ANALYSIS 

Data were compared as individual data points as well 
as means (1 SD). We used a non-paired t test for 
comparision between groups. A p value <0-05 was 
regarded as significant. 


Results 


LEFT VENTRICULAR END DIASTOLIC DIMENSION 
Preoperative end diastolic dimension was smaller in 
patients with simple transposition (1:9 (0-4) cm) than 
in those with complex transposition (3-0 (0-4) cm) 
(p<0-01) (Fig. 2). Measurements from short term 
postoperative studies were not significantly different 
in simple and complex transposition. The mean left 
end diastolic dimension was 2:3 (0-8) cm in simple 
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Fig.2 Left ventricular end diastolic dimension (LVEDD) 
before and after correction of transposition. Preoperative 
LVEDD was significantly greater in children with complex 
transposition. Postoperative values were not significantly 
different in either short or long term follow up. 


transposition and 2-4(0-6) cm in complex trans- 
position. Similarly there was no significant 
difference between the groups more than six months 
after repair—simple transposition 3-0 (0-6) cm and 
complex transposition 3-1 (0-5) cm. After anatomical 
correction there was growth of the left ventricle with 
time in all patients (Fig. 3). 


SHORTENING FRACTION 

The preoperative shortening fraction was higher in 
patients with simple transposition (51 (19)%) than in 
those with complex transposition (43 (7)%), but not 
significantly (Fig. 4). The shortening fraction before 
operation in both groups was significantly higher 
than in the controls (34(5)%) (p==0-0001 for simple 
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Fig.3 Left ventricular end diastolic dimension (LVEDD) 
(mm) in 14 patients in relation to age in months. 95% 
confidence limits of the line of regression are shown.'! 
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Fig.4 Shortening fraction before and after repair. The 
shortening fraction before operation was significantly higher 
in patients with simple and complex transposition than in 
controls. After operation there was a decrease tn shortening 
fraction and postoperative values are not significantly 
different from that in controls. 


transposition and p=0-007 for complex trans- 
position). 

The shortening fraction fell immediately after 
operation to 30(11)% in simple and 32(4)%) in 
complex transposition. Neither value was 
signficantly different from that in controls (35 (2)%). 
In the long term the shortening fraction remained 
virtually unchanged (31 (8)% in simple transposition 
and 32(4)% in complex tranpositions). Neither 
value was significantly different from that in controls 
(35 (3)%). 
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Fig.5 Normalised peak rate of shortening before and after 
repair. Before operation patents with simple or complex 
transposttion had significantly greater normalised peak 
shortening rates than controls. After operation the 
normalised peak rate of shorterang was not sigmificantly 
different from that in controls. 
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Fig.6 Free wall thickening before and after operation. At 
all stages the transposition groups have significantly higher 
rates of free wall thickening than the controls These 
differences tend to increase with trme. 


NORMALISED PEAK RATES OF SHORTENING 
Before operation peak normalised rates of shortening 
in patients with both simple and complex trans- 
position were significantly greater than that in con- 
trols: 6-0(3°9) s71 in simple and 4-0(0-9) s7! in 
complex and 2-6 (0-5) s7} in controls (for both sim- 
ple and complex p=0-0001) (Fig.5). In the short 
term postoperative period both patient groups had 
reduced peak shortening rates (2:7 (0-9) s7} in sim- 
ple and 3-4 (0-5) s7} in complex transposition). They 
were not significantly different from the rate in con- 
trols. Postoperative values in the long term were 
essentially unchanged (2:6(0-8) s7! simple and 
2:8(0'5) s7! complex) and they were not 
significantly different from that in controls (2-6 (0-5) 
Si); 


FREE WALL THICKENING 

The postoperative rate of free wall thickening was 
significantly greater in patients with transposition 
than in controls (Fig. 6). These differences tended to 
increase with time after operation. The mean values 
for peak thickening rate before operation were 
5-6 (2:8) 87t in simple transposition and 4-5 (1-8) 87t 
in complex transposition. They were significantly 
greater than that in controls (p=0-001 simple), 
(p=0:005 complex). These differences persisted in 
both groups soon after operation (simple 4-6 (1:2) 
s71, complex 5-3(1-8)s~*); controls 2:9 (0-8) s7! 
(p=0:001 for both comparisons). In the long term 
postoperative values in both patient groups re- 
mained raised (5-8 (1-7) s7? for simple transposition, 
7-2(1-0) 87! for complex tranposition, and 2:9 (0-8) 
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- s71 for controls) (p=0-001 for both simple and com- 


plex). These values were not significantly different 
from the immediate postoperative values. Patients 
with high values in the short term tended to have 
increased rate of free wall thickening in the long term 
studies as well (p=0-042). 


SBPTAL MOTION 

Septal motion was satisfactorily displayed in 23 pa- 
tients before anatomical correction. It was normal in 
21 (93%), absent in one (4%), and reversed in one 
(4%). Shortly after operation only four (17%) of 24 
patients had normal septal motion. It was absent in 
14 (58%) patients and reversed in six (25%). More 
than six months after anatomical correction 12 
(48%) of 25 children had absent septal motion, while 
in five (20%) of 25 the direction was normal but 
amplitude was reduced. In eight (32%) of 25 normal 
direction and amplitude of septal motion had re- 
turned. 


Discussion 


After Mustard’ and Senning? procedures both clin- 
ical and subclinical systemic (right) ventricular dys- 
function are known to occur.!?7!* The major 
potential advantage of anatomical correction of 
transposition of the great arteries is the conversion of 
the left ventricle to a systemic pump. The long term 
success of anatomical correction is, therefore, de- 
pendent on adequate left ventricular function. It is 
not clear if completely normal function can be ex- 
pected. Even after repair of relatively simple lesions, 
such as isolated ventricular septal defect, left ven- 
tricular dysfunction has been reported.'> 16 Newer 
operative techniques and early surgical repair, how- 
ever, seem to have improved postoperative ventricu- 
lar size and function.'? Transient left ventricular 
failure has been reported immediately after anat- 
omical correction of transposition of the great arte- 
ries.!8 19 In long term survivors, however, left 
ventricular ejection fraction and end diastolic pres- 
sure are reported to be normal.?° The left ventricular 
contractile state was examined after operation in a 
small series of children from Harefield. In every 
child who underwent repair before the age of one the 
left ventricular end diastolic dimension and wall 
stress-shortening were normal.”! 
Echocardiographic findings have been described 
before and after arterial switch”? and Mustard pro- 
cedure in children for transposition of the great 
arteries.?3 Septal motion was judged to be abnormal 
in almost all children before and after Mustard’s 
operation.?3 When anatomical correction or the arte- 
rial switch included repair of a ventricular septal 
defect, septal motion was always abnormal.?? After 
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an intra-atrial repair, septal motion may be incorpo- - 


rated into emptying of the high pressure right ventri- 
cle. Absent or paradoxical] septal motion is common 
after open heart procedures and should not be 
equated with intrinsic ventricular dysfunction.** In 
our current series only 4% of children had normal 
septal motion immediately after operation. More 
than six months after repair, however, 32% of the 
patients had normal septal motion. 

Before operation the left ventricular dimension 
was larger when a ventricular septal defect was 
present (Fig. 2). This is probably the result of shunt- 
ing from the systemic right ventricle to the pul- 
monary left ventricle. In a group studied in Toronto 
left ventricular size vaired considerably before 
definitive correction.?? 

In our series, there were no significant differences 
in left ventricular size between patients with simple 
transposition or those with complex transposition, 
either immediately or more than six months after 
operation. In addition left ventricular size increased 
appropriately with advancing age (Fig. 4). We know 
of no other series in which the growth of the left 
ventricle has been evaluated after anatomical cor- 
rection. 

Before repair the shortening fraction was higher 
than normal in both those with simple and those with 
complex transposition (Fig.5). Despite adequate 
pulmonary artery banding in patients with simple 
transposition, the left ventricular afterload is proba- 
bly subsystemic. This may account for the increased 
shortening fraction. The increased normalised peak 
shortening rates in the patients before operation 
could also be explained by reduced left ventricular 
afterload. 

After repair there was a signficant reduction in 
shortening fraction, but values in those with simple 
and those with complex transposition were not 
significantly different from that in controls. Peak 
shortening rates also fell to normal values immedi- 
ately after repair and remained normal in long term 
studies. 

Rates of free wall thickening in those with simple 
and those with complex transposition were 
significantly greater than normal (Fig. 6). In the pre- 
operative period this increased rate of thickening 
could be explained on the basis of diminished after- 
load; that is the left ventricular free wall contracts 
faster in the face of low afterload. In both short and 
long term postoperative follow up studies the rate of 
free wall thickening remained greater than normal 
and may increase with time. In the presence of flat or 
diminished septal motion and normal peak rate of 
shortening, the rate of posterior wall thickening may 
increase as a compensatory response and produce a 
normal shortening fraction. There was a close cor- 
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relation between an increase in the long term rate of 
free wall thickening and high shortening fraction 
(p=0-028). 

These data indicate changes in ventricular wall 
motion both before and after anatomical correction. 
The reductions in shortening fraction, in the ampli- 
tude of septal motion, and in peak shortening rate in 
the ummediate postoperative period are probably re- 
lated to the sudden change in ventricular afterload 
and the effects of open heart surgery itself. Post- 
operative differences include reduced septal motion 
and persistence of the increase in rate of thickening 
of the posterior wall. This latter feature cannot be 
explained on the basis of overall movement of the 
heart in space but, taken in conjunction with septal 
hypokinesis, seems to indicate a pattern of con- 
traction that is altered, but not necessarily impaired 
since changes in overall cavity size were normal and 
since the systemic ventricle grows with age. These 
data are part of a continuing study that may shed 
further light on this question. Although even more 
long term results are not yet available, observations 
as long as five years after correction seem to indicate 
adequate left ventricular function after correction. 
We conclude that left ventricular function is main- 
tained after anatomical correction of transposition of 
the great arteries. We expect that this operation will 
become more widely accepted as the procedure of 
choice for selected infants. 
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Hypertrophic cardiomyopathy in three generations of 
a large Norwegian family 
A clinical, echocardiographic, and genetic study 
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From the Medical Department, Section of Cardiology, and *Department of Medical Genetics, Haukeland 
Sykehus, University of Bergen; and the t Institute of Transplantation Immunology, University of Oslo, 
Norway 


SUMMARY Hypertrophic cardiomyopathy is a heart muscle disease with an obscure aetiology. 
Data from four generations of a large family (71 members) are presented. The occurrence of 
hypertrophic cardiomyopathy among members of the two oldest generations was compatible with 
a pattern of autosomal dominant inheritance. Seven out of 14 siblings in the second generation 
had definite signs of or were clinically suspected of having hypertrophic cardiomyopathy. The 
severity and distribution of left ventricular hypertrophy varied, but three (21%) brothers in 
generation II showed the classic picture of left ventricular outflow obstruction. Four siblings 
(29%) died suddenly aged 11, 22, 38, and 40 years. A high incidence of the disease would have 
been expected in the two younger generations (41 members, aged 1-31 years), but only two, a 16 
year old boy and a 17 year old girl had signs of asymmetric septal hypertrophy. Current diagnostic 
procedures, including M mode and cross sectional echocardiography, are not sufficiently sensitive 
to identify young family members who may have preclinical hypertrophic cardiomyopathy. 

No evidence for close genetic linkage berween a postulated locus for hypertrophic cardio- 
myopathy and the major histocompatibility complex (antigens HLA-A, HLA-B, and HLA-DR) 


was found. 


Hypertrophic cardiomyopathy is a disease of 
unknown cause. Several studies, however, have 
shown that the disease is common in some families, 
and that in such families hypertrophic cardio- 
myopathy may be transmitted as an autosomal dom- 
inant trait.'~* An association between the trait and 
human leucocyte antigen HLA-DRW4 has been 
reported in Japanese families,” and Kishimoto et al 
have suggested that there may be two separate forms 
of the disease—a familial form linked to the HLA 
complex, and a non-linked sporadic type. In a 
study of 50 unrelated white North Americans with 
hypertrophic cardiomyopathy, however, Gardin 
et al did not find HLA-A, HLA-B, or HLA-C locus 
antigens useful as markers for this disease.” Recent 
studies by Maron er al suggested the possibility of a 
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pattern of autosomal dominant inheritance of hyper- 
trophic cardiomyopathy in only 30 of 70 families.® 
Maron etal also proposed that the wide range of 
phenotypic expressions observed may be due to gen- 
etic as well as to non-genetic causes. Genetic studies 
on hypertrophic cardiomyopathy have generally 
been carried out on rather small families, or on 
different families grouped together. In the present 
study we report the clinical, echocardiographic, and 
HLA findings in a large family through four gener- 
ations. We studied the spectrum of phenotypic man- 
ifestations of a postulated single hypertrophic car- 
diomyopathy gene inherited as an autosomal 
dominant trait in this family. We also studied 
whether hypertrophic cardiomyopathy co- 
segregated with a particular HLA haplotype in this 
family. In that case, this HLA haplotype could be a 
presymptamatic predictor of the disease and might 
enable early medical intervention. 


Patients and methods 


The family studied consisted of four generations 
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comprising a total of 71 members (Fig. 1). Physical 
and echocardiographic examinations were per- 
formed on all except two family members (III-6, 
ITI-8). In addition, a 12 lead electrocardiogram and 
chest x ray films were taken on members of gener- 
ations I, II, and III. M mode and cross sectional 
echocardiography were performed with an IREX 
III, phased array, ultrasonic scanner with a 2:4 MHz 
handheld transducer. M mode echocardiograms 
were recorded by means of a heat processed black 
and white strip chart recorder at a paper speed of 
50mm/s. The cross sectional echocardiographic 
examinations of the youngest individuals were per- 
formed with a Toshiba SAL 50 linear array ultra- 
sonic scanner with a 5 MHz transducer. The thick- 
ness of the ventricular wall was measured from the 
leading edges of the echoes with the transducer 
being held perpendicular to the chest wall in the 
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standard position.® The diagnostic criterion of 
hypertrophic cardiomyopathy or asymmetric septal 
hypertrophy in adults was increased thickness of the 
interventricular septum with a septum:posterior left 
ventricular wall ratio > 1-4 in the absence of cardiac 
or systemic disease capable of producing left ven- 
tricular hypertrophy. A septum:posterior left ven- 
tricular wall ratio equal to 1-4 was regarded as nor- 
mal in individuals aged > 20 years, but as indicating 
hypertrophic cardiomyopathy in individuals aged 
<20 years. In children the criterion of abnormal 
septal thickness was a measurement exceeding the 
age specific 95% confidence interval.!° 

The HLA antigens were determined by lympho- 
cytotoxicity tests as previously described,'! with 
highly selected antisera defining 13 antigens of the 
HLA-A series, 22 of the HLA-B series, and 8 of the 
HLA-DR series. On the basis of the results of the 
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Fig. 1 Pedigree of the family. Roman numerals rejer a to generations. Each family member kas an index 
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family typing, the HLA haplotypes could be 
deduced in some members of the family who were 
dead. An HLA haplotype is defined as the genetic 
information in HLA antigens carried by the HLA- 
complex on each of the two chromosomes of pair 
number 6, 


Results 


The results obtained in the four different gener- 
ations are presented in chronological order. Selected 
data are summarised in Table 1. 


GENERATIONI 

‘The proband was a 74 year old woman (I-2). At the 
time of this investigation she had symptoms of heart 
failure and was in functional class II (New York 
Heart Association). On cardiac auscultation she had 
an apical systolic murmur grade 2/6 and her electro- 
cardiogram showed atrial fibrillation and ST seg- 
ment elevation in precordial leads V2-V4. A chest 
xray film showed an enlarged heart with a total vol- 
ume of 1400ml (normal volume 830 ml/m?). An 
echocardiogram showed a dilated left atrium 
(diameter 70mm) and thickening of the inter- 
ventricular septum (17mm). The septum:posterior 
left ventricular wall ratio was 2-1. There was no sys- 
tolic anterior movement of the mitral valve, but the 
septum showed decreased thickening fraction. Her 
husband (1-1) had died of myocardial infarction 
before the start of this study. 

Her sister (1-3) had a 30 year history of cardiac 
failure, and had been treated with digoxin and 
diuretics. She had a grade 1/6 systolic heart murmur 
and her electrocardiogram showed left bundle 
branch block. The echocardiogram showed a dilated 
left ventricle with general hypokinesia. There were 
no valve abnormalities and she had no symptoms of 
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angina pectoris. The findings in I-3 were compatible 
with congestive cardiomyopathy. 

I-4 had no symptoms of cardiac disease at the time 
of study. He had a grade 1/6 systolic heart murmur 
and an electrocardiogram showed right bundle 
branch block. An echocardiogram showed increased 
thickness of the anterolateral wall of the left 
ventricle. There was no evidence of left ventricular 
outflow cbstruction. J-4 has three children (not 
shown on the pedigree). His daughter aged 29 years 
had no symptoms or signs of cardiac disease. His son 
aged 27 years had no symptoms of heart disease, but 
the echocardiogram showed asymmetric septal 
hypertrophy with a septum:posterior left ventricular 
wall ratio of 1-5. His youngest son aged 26 years had 
normal left ventricular dimensions, but the electro- 
cardiogram showed frequent ventricular extra- 
systoles and episodes of ventricular bigeminy. I-5 
had a 15 year history of hypertension. She had no 
symptoms or signs of cardiomyopathy. I-6 died sud- 
denly at the age of 45 years while performing mod- 
erate physical exercise. He had had no symptoms of 
severe illness. He had five children (not shown on 
the pedigree) and three were examined. A son aged 
31 years had echocardiographic signs of hyper- 
trophic cardiomyopathy, with a septal thickness of 
15mm, while two younger daughters had no evi- 
dence of cardiac disease. I-7 died at the age of 36 
years from. cancer. 


GENERATION II 

The proband (I-2) has had 14 children of whom 
seven had died by the time this investigation was 
started. One (11-5) was stillborn, and two died when 
very young; II-6 had a fatal accident, and [I-15 died 
from pneumonia. Two brothers (II-1 and II-2) died 
suddenly at the ages of 22 and 11 years. They had 
had no symptoms of severe disease. II-3 was 


Table 1 Clinical, electrocardiographic, and echocardiographic findings 








Generation Pedigree No, Symptoms Electrocardtogram Echocardtographc data Status 
sax, and age —_—_—_—— oOo 
(yr) cs IVS (mm) IVS|PW SAM ' 
I 2 F 74 Heart failure AF, ST elevanon V2-V4, 17 21 0 Alive 
4 M 56 RBBB, LAD 16 18 0 Alive 
no 3 M 38 AP LVH, LVS NA NA NA Dead 
11 M 46 AP AVB I, LVH, LVS 25 28 + Alive 
19 F 40 ‘0 T peg y V4; isoelectric 10 14 0 Alive 
5, V6 
2 M 38 AP QI, aVL; non-specific 33 33 + Alive 
ST changes V3-V5 
2 M 34 0 QII, IH, aVF, T neg I, 14 18 0 Alive 
aVL, V3, V4; RBBB 
um è  öaZamĪmi o 0 13 16 0 Alive 
24 M Il 0 T neg V3 4 10 0 Alive 


AF, atrial fibrillation; AP, angina pectoris; AVB I, atrioventricular block grade I, IVS mterventricular septum; LAD, left axis deviation; 
LVH, left ventricular hypertrophy; LVS, left ventricular strain; PW, posterior left ventricular wall; RBBB, right bundle branch block; 
SAM, systolic anterior movement of mutral valve, +, present; 0, absent; NA, not available. 
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referred to hospital in 1967 at the age of 31 years. He 
had disabling symptoms of angina pectoris and clin- 
ical examination showed findings typical of hyper- 
trophic cardiomyopathy with an apical systolic 
ejection murmur grade 4/6. Haemodynamic and 
angiographic studies confirmed the diagnosis. There 
was a peak systolic left ventricular outflow gradient 
of 65 mm Hg at rest which was reduced to 20 mm Hg 
after an oral dose of 40mg propranolol. He was 
treated with propranolol, but died suddenly seven 
years later at the age of 38 years. 

II-11 was admitted to hospital at the age of 40 
years. He had a 15 year history of angina pectoris. 
Clinical examination showed a systolic ejection mur- 
mur grade 3/6. Echocardiography showed asym- 
metric septal hypertrophy (Fig. 2) and this was 
verified on cardiac catheterisation. A peak systolic 
subvalvar aortic gradient at rest of 56mm Hg was 
reduced to 24mm Hg after 8 mg of intravenous pro- 
pranolol. Five years later he developed atrial 
fibrillation which was successfully treated with 
direct current cardioversion. He is now being 
treated with amiodarone and a small dose of pro- 
pranolol. I-14 died suddenly at the age of 40 years. 
She was known to have a systolic cardiac murmur, 
but no signs of severe disease. I-19 had no symp- 
toms of heart disease, but the electrocardiogram 
showed T wave inversion in precordial leads V3 and 
V4 and an isoelectric T wave in V5 and V6. The 
interventricular septum was normal (10 mm) at end 
diastole and the septum:posterior left ventricular 
wall ratio was 1-4. 

11-20 had a four year history of angina pectoris 
when he was admitted to hospital at the age of 37 
years. He had an apical systolic murmur grade 4/6 
and echocardiography showed systolic anterior 
movement of the mitral valve and thickening of the 
interventricular septum (Fig. 3). Haemodynamic 
studies showed a peak left ventricular outflow gra- 
dient in systole of 43mm Hg which was reduced to 
15mm Hg after 4 mg of intravenous propranolol. He 
has since been treated with oral propranolol. [1-22 
had no symptoms of heart disease at the time of this 
investigation. Examination of the heart showed a 
systolic murmur grade 2/6. The electrocardiogram 
had abnormal Q waves in the inferior leads, T wave 
inversion in precordial leads, and evidence of right 
bundle branch block. The echocardiogram showed 
thickening of the interventricular septum (14mm), 
and the septum:posterior left ventricular wall ratio 
was 1-8. There was no systolic anterior movement of 
the mitral valve and the increased septal thickness 
was most pronounced in the apical region. No family 
members with evidence of hypertrophic cardio- 
myopathy had essential hypertension, and the three 
members in whom cardiac catheterisation was per- 
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formed had normal coronary angiograms. H-8, L- 
10, and II-16 had no symptoms or signs of hyper- 
trophic cardiomyopathy. None of the nine spouses 
in generation H had symptoms or signs of cardiac 
disease. 


GENERATION IHI 

Generation III consisted of 31 members, Their ages 
ranged from 1 to 31 years. None had clinical symp- 
toms of cardiac disease. An echocardiogram of IH- 
23, a boy aged 16, showed thickening of the inter- 
ventricular septum (13 mm) and a septum:posterior 
left ventricular wall ratio of 1-6. There was no sys- 
tolic anterior movement of the mitral valve and the 
electrocardiogram was normal. His brothers and sis- 
ter had no clinical or echocardiographic signs of car- 
diac disease. Both HI-4 and HI-14 had a sepe 
tum:posterior left ventricular wall ratio of 1-4 but no 
increased septal thickness. According to our 
definition III-14, a 17 year old girl, probably had 
hypertrophic cardiomyopathy. The spouses in this 
generation were not examined. 


GENERATION IV 

Generation IV consisted of 10 apparently healthy 
young children. None of them had signs or symp- 
toms of hypertrophic cardiomyopathy. 


SEARCH FOR GENETIC LINKAGE 

HLA typing was restricted to members of gener- 
ations I and II and to selected members of gener- 
ation II. The HLA haplotypes of I-l and [1-3 
could be deduced from typing their spouses and 
children. Table 2 summarises the results of the HLA 
typing. All definitely affected members in gener- 
ations I and II carry the HLA haplotype Al B37 
DR7. Two apparently unaffected members (1-5 and 
II-16), however, also have this haplotype. The only 
family member of generation IH (111-23) whe both 
met the criteria for being classified as having hyper» 
trophic cardiomyopathy and had HLA typing, has 
inherited the alternative HLA haplotype (Al! B7 
DR2) from his maternal grandmother (1-2), who 
also had hypertrophic cardiomyopathy. 


Discussion 


The frequency of hypertrophic cardiomyopathy was 
high in generations I and I. The severity and distri- 
bution of left ventricular hypertrophy varied, but 
members of generation II] were most severely 
affected. In this generation, two living brothers (He 
11 and I-20) and one brother who died suddenly 
(II-3) had definite signs of hypertrophic cardio- 
myopathy with pronounced left ventricular outflow 
obstruction. They presented clinically with symp- 
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Fig. 3 M mode echocardiogram of case 11-20 showing an enormous increase in septal thickness (33 mm) 
and evidence of systolic anterior movement of the mitral valve (SAM, which indicates left ventricular 


outflow obstruction. IVS, interventricular septum; PW , posterior left ventricular wall; ECG, 
electrocardiogram. 
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Table2 HLA histocompatility markers in selected family members 











Generation Pedigree No, HLA haplotypes HCM Genes coupledt 
sex, and age (yr) 
I 1 M 67 A2 B7 DR4 NA Spouse 
A19 B18 DR3* 
2 74 All B7 DR2 + Index 
Al B37 DR7 
3 F 60 All B7 DR2 0 Yes?t 
A2 B37 DR7 
4 M 56 All B7 DR2 + Yes 
Al B37 DR7 
5 F 52 All B7 DR2 0 No 
Al B37 DR7 
H 3 M 38 A2 B7 DR4 + Yes 
Al B37 DR7* 
8 F 55 A19 B18 DR3 0 Yes 
All B7 DR2 
10 F 52 A19 B18 DR3 0 Yes 
All B7 DR2 
11 M 46 A19 B18 DR3 + Yes 
Al B37 DR7 
16 M 42 A19 B18 DR3 0 No 
Al B37 DR7 
18 M 44 A2 Bi5 DR4 0 Spouse 
Al B7 DR4 
19 F 40 A2 B7 DR4 0 No§ 
All B7 DR2 
20 M 38 A2 B7 DR4 + Yes 
Al B37 DR7 
22 M 34 - A2 B7 DR4 + Yes 
Al B37 DR7 
IM 22 18 All B7 DR2 No? 
A2 B15 DR4 
23 M 16 All B7 DR2 + Yes§ 
A2 B15 DR4 
2 M H Al B7 DR4 0 NAS 
A2 B7 DR4 


HCM, hypertrophic cardiomyopathy; +, present; 0, absent, NA, data not available, *haplotypes deduced from family typing 


tAssumption: The gene locus for hypertrophic cardiomyo 
as an index person. “Yes”? indicates ether haplotype Al 
Observation of co-inheritance ıs compatible with, 


thy y located near the HLA compiex on chromosome number 6. 1-2 1s used 
37 DR7 and hypertrophic cardiomyopathy, or All B7 DR2 and no disease. 
t does not prove, genes linkage (no recombination) “No” indicates ether haplotype 


All B7 DR2 and hypertrophic cardiomyopathy, or Al B37 DR7 and no disease. Observation indicates a crossover during sex cell formation 


in parent (recombination). 


PInsufficient information Haplotype A2 B37 DR7 may represent a third distinct haplotype in this sibship or be the product of a crossover 


within the HLA complex 


§II-19 is healthy, but she has a son (III-23) with cardiomyopathy. II-19 must therefore have received the gene for hypertrophic cardio- 
myopathy with the A11 B7 DR2 haplotype from her affected mother I-2 (recombination), and transmitted both traits together to her son 
(non-recombination). Her daughter IT-22 1s too young to yield formation, and ITI-24 has not mherired any of the HLA haplotypes from 


his maternal grandmother 


toms of coronary heart disease. The youngest 
brother (II-22) had no symptoms of heart disease at 
the time of this study but the electrocardiogram was 
abnormal (Table 1) and the echocardiogram showed 
asymmetric septal hypertrophy without outflow 
obstruction. 

There was also a high frequency of sudden 
unexpected deaths in the family. Two brothers (II-1 
and II~2) died suddenly at the age of 22 and 11 years, 
respectively, one of them while playing in the 
schoolyard. Their sister (II-4) died suddenly at the 
age of 40 years. She had a systolic cardiac murmur 
but no symptoms of heart disease. In generation I, 
I-6 died suddenly at the age of 45 years, and an echo- 
cardiographic study of his son showed signs of 
hypertrophic cardiomyopathy. Sudden death is 
common in families with hypertrophic cardio- 


myopathy, probably as a result of ventricular 
arrhythmias or acute haemodynamic changes. It is 
likely that the three siblings ın generation II and 
their uncle (I-6) died of a cardiac arrhythmia, and 
we assume that they all had hypertrophic cardio- 
myopathy. The distribution of affected family mem- 
bers in generations I and IJ is compatible with auto- 
somal dominant inheritance. We examined the three 
children of I-4 and three of the five children of I-6. 
All were symptom free. In both sibships (not shown 
on the pedigree) a son with definite asymmetric sep- 
tal hypertrophy was found. This father to son trans- 
mission of the trait excluded X linked inheritance 
but was consistent with the postulated autosomal 
dominant mode of inheritance. 

Kishimoto etal suggested that a gene locus for 
hypertrophic cardiomyopathy may be located on 
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chromosome number 6 within mapable distance of 
the HLA complex in some families. Table 2 out- 
lines the distribution of HLA haplotypes in some 
family members. Table 2 also indicates whether the 
two traits were inherited together as would have 
been expected if there were close genetic linkage. If 
the gene for hypertrophic cardiomyopathy is located 
on chromosome number 6, very close to the HLA 
complex, a particular HLA haplotype should consis- 
tently be found together with the gene for hyper- 
trophic cardiomyopathy in a given family. The fur- 
ther apart on a chromosome two traits are located, 
the more frequently they will tend to separate during 
the formation of sex cells. Genes far apart on the 
same chromosome or situated on different chromo- 
somes segregate independently and with equal fre- 
quency to the offspring. 

In this family, eleven people may be informative 
(Table 2). Because the observed distribution (three 
recombinants, eight non-recombinants) or a more 
skewed distribution would occur by chance in 
11:3% of such sets of observations this distribution 
may have arisen by chance. Thus, HLA typing in 
this family was not useful for the identification of 
presymptomatic gene carriers of hypertrophic car- 
diomyopathy. Loose genetic linkage between the 
two traits, however, cannot yet be excluded. In this 
family more information may be gained by extend- 
ing the HLA typing to other family members (for 
example to III-14, descendants of I-3, I-4, I-5, and 
1-6) and by including in the analysis other genetic 
chromosome number 6 markers outside the HLA 
complex. The distribution of HLA haplotypes 
among the siblings of I-2 could then be clarified, and 
the assumed crossover events in the vicinity of the 
HLA complex on chromosome number 6 (sex cells 
from I-2 to II-16 and II-19) may be corroborated. 
Formal linkage analysis will be performed in this 
family when such information is available. 

A high frequency of hypertrophic cardio- 
myopathy would be expected in generations IIT and 
IV, but only a 16 year old boy (ITI-23) and the 17 
year old girl (III-14) showed evidence of asym- 
metric septal hypertrophy. This observation sug- 
gests that other factors in addition to a genetic 
predisposition may be necessary for clinical hyper- 
trophic cardiomyopathy to develop. This accords 
with studies by Emanuel et al who have shown that 
clinical hypertrophic cardiomyopathy may not 
become evident until adolescence or even early adult 
life.!? Thus, the development of septal hypertrophy 
may be age dependent. There is strong evidence that 
catecholamines can stimulate the growth of septal 
tissue and thereby accelerate the disease process. 
Data obtained by infusion of noradrenaline in dogs 
raise the possibility that the interventricular septum 
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is more sensitive to beta adrenergic stimulation than 
either the right ventricle or the free wall of the left 
ventricle.!3 This suggests that increased sym- 
pathetic activity or increased sensitivity to cate- 
cholamines are possible mechanisms for the devel- 
opment of hypertrophic cardiomyopathy in the 
human heart. Studies by Yamori et al suggested that 
the beta adrenergic effects of noradrenaline were 
more potent than ts alpha effects in inducing cardiac 
hypertrophy.'* This may explain the beneficial hae- 
modynamic effect of beta blockers in patients with 
hypertrophic cardiomyopathy. In the present family 
three brothers (II-3, II-11, II-20) in generation IT 
had evidence of left ventricular outflow obstruction. 
They were ail examined by cardiac catheterisation 
and there was a substantial reduction in the peak 
systolic gradient after administration of propranolol. 

Echocardiography offers a unique method of diag- 
nosing patients with established hypertrophic car- 
diomyopathy. The severity of myocardial disease 
may be assessed and future management guided. 
This method, however, has not been useful in iden- 
tifying young patients at risk for developing this dis- 
ease. In the present family, only three family mem- 
bers (II-22, [II-14, and ITI-23) and the sons of I-4 
and I-6 were diagnosed by echocardiography as hav- 
ing hypertrophic cardiomyopathy without clinical 
symptoms of cardiac disease. Because there is evi- 
dence for an autosomal dominant mode of inher- 
itance of the disease in this family, we expect that 
many members of the two younger generations will 
develop signs of the disease as adults. Longitudinal 
echocardiographic studies combined with functional 
assessments may be of some value in increasing the 
diagnostic rate in these younger age groups. No 
other existing methods are likely to be more useful in 
the diagnostic evaluation of hypertrophic cardio- 
myopathy. 
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Conversion of paroxysmal atrial fibrillation to sinus 
rhythm by intravenous pirmenol 
A placebo controlled study 


L K TOIVONEN, M S NIEMINEN, V MANNINEN, MH FRICK 
From the First Department of Medicine, University Central Hospital, Helsinki, Finland 


SUMMARY The efficacy of pirmenol (a class I antiarrhythmic agent) as a converter of paroxysmal 
atrial fibrillation was investigated. Forty patients without congestive heart failure or a history of 
sinus node disorder were randomly allocated to receive either intravenous pirmenol (50-100 mg) 
or placebo in a double blind trial. In 12 of 20 patients sinus rhythm was restored 2-16 minutes 
after pirmenol, and in 3 of 20 patients in the control group it returned within one hour. A nodal 
escape rhythm was seen during sinus slowing in one patient, but in other patients there was no 
sinus arrest, atrioventricular conduction disturbance, or hypotension. The ventricular rate was 
slightly increased in patients in whom sinus rhythm was not restored by pirmenol. The results 
indicate that pirmenol has an antifibrillatory effect on the atria. Sinus rhythm was restored rapidly 
after intravenous administration. It was well tolerated in patients with atrial fibrillation of recent 


onset. 


Pirmenol has class I antiarrhythmic effects in Pur- 
kinje fibres.’ It suppresses premature ventricular 
complexes in patients? ? and terminates paroxysmal 
supraventricular tachycardia.* Depression of the fast 
inward current and a considerable increase in the 
duration of action potential in the rabbit atria have 
been reported, which might suggest an 
antifibrillatory effect on the atria. Pirmenol con- 
verted atrial tachycardia and fibrillation to sinus 
rhythm in dogs.® 

The present randomised double blind study was 
undertaken to examine the efficacy of intravenous 
pirmenol in the acute treatment of paroxysmal atrial 
fibrillation. 


Patients and methods 


Forty patients admitted to a hospital emergency de- 
partment with atrial fibrillation of recent onset (<48 
hours) participated in the study. Patients known or 
suspected to have a sinus node or atrioventricular 
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conduction disorder, acute myocardial infarction, or 
other severe illness, or congestive heart failure lead- 
ing to interstitial extravasation shown by chest radi- 
ography were excluded. Patients who had taken 
digitalis or beta blocking agents > 3 hours before the 
study were included, but those patients on other 
antiarrhythmic agents were excluded. The appear- 
ance of symptoms was taken to indicate time of onset 
of fibrillation. 

The patients were observed over 30 minutes for 
clinical evaluation and to allow their condition to 
stabilise. They were observed for 60 minutes after 
administration of pirmenol or placebo. A two lead 
electrocardiogram with a time track was con- 
tinuously recorded at a paper speed of 50 mm/s for 
analysis of the rhythm, heart rate, and electro- 
cardiographic intervals. Brachial cuff blood pressure 
was measured every five minutes. Patients were ran- 
domly allocated to receive either pirmenol or placebo 
(20 patients each) in a double blind trial. Pirmenol (a 
50 mg bolus in 5 ml of physiological saline) or 5 ml 
of physiological saline were injected over 2 minutes 
and the dose was repeated after 10 minutes if sinus 
rhythm had not returned. Blood samples for the de- 
termination of plasma concentrations of pirmenol 
were drawn five minutes after the injections and at 
the end of the 60 minute observation period. Chest 
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radiographs and M mode echocardiography for de- 
termination of left atrial end systolic diameter and 
left ventricular dimensions according to European 
standards’ were obtained when in sinus rhythm. 
Pirmenol concentrations were measured by high 
performance liquid chromatography.® 


STATISTICAL ANALYSIS 

Analysis of variance was used to examine the 
significance of serial changes. We used Student’s £ 
tests for continuous variables and Fisher’s exact test 
for discrete variables to compare differences between 
the treatment groups and between converters and 
non-converters. We used the Mann-Whitney rank 
sum test to examine differences in duration of 
fibrillation. Differences of p< 0:05 were regarded as 
statistically significant. 


Results 


Age, left atrial and ventricular echocardiographic di- 
ameter, radiological heart volume, initial heart rate, 
duration of fibrillation, and use of digitalis and beta 
blockers were similar in the groups given active drug 
or placebo. Because there was a slight decrease in 
diastolic blood pressure (p<0-05) and heart rate 
(p<0-0001) in the 30 minute period of baseline ob- 
servation, we used only the values obtained during 
the last 15 minutes as the basis for the comparison of 
responses. 


EFFECT ON RHYTHM 

Sinus rhythm was restored in 12 (60%) of 20 patients 
on pirmenol and in three (15%) of 20 patients given 
placebo (p<0-01). Conversion occurred 2-16 
minutes after the first bolus of the active drug, but 
conversion times were randomly distributed in the 
placebo group (Figure). Sinus rhythm appeared 
after 50 mg of pirmenol in seven patients and after a 
total dose of 100 mg in five patients. 

A nodal rhythm at a rate of 60 beats per minute 
appeared for 15 seconds after the first three sinus 
beats in one patient. Bradycardia or conduction dis- 
orders did not occur and there were no sinus arrests 
or escape rhythms in other patients. One patient who 
received a placebo injection developed non- 
sustained ventricular tachycardia, but none of the 
pirmenol group did so. 

Fibrillation before treatment tended to last longer 
in non-converters than in converters (0-05 <p<0-1; 
Table 1). More patients in the converter group than 
the non-converter group had used beta blockers 
(7/12 vs 1/8; p=0-07). No significant differences 
were found in any of the other baseline character- 
istics (Table 1). 
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Figure Converston of atrial fibrillation to snus rhythm in 
the parmenol and placebo groups. Vertical line shows 


patients remaining in atrial fibrillation. The injection times 
are indicated 


Table 1 Patient characteristics in the pirmenol group 
(mean (SD)) 


Converters 
(nm 12) 


Non-converters 
(ne 8) 





51 (19) 
410 (80) 
115 (19) 


51 (5) 
31 (6) 


032 (007 
8 (7) 


49 (10) 
520 (180) 
99 (24) 


49 (8) 
34 (6) 


0 33 (0 08) 


Age (years) 

Radiological heart volume 
(mm/m?) 

Ininal heart rate 
(beats/roinute) 

Left ventricular end diastolic 
diameter (mm) 

Left atrial diameter (mm) 

Left ventricular fractional 
shortening 

Duration of atrial 
fibrillauon (h) 

Serum potassium ion 
concentration on 
admission (mmol/l) 3 

Heart disease* (n) 6 

Previously documented 

amal fibrillauion (n) 8 

5 
3 
7 


18 (14) 


102) 


ana eA 


=N 


Beta blockers used (n) 





*Coronary artery disease (4 patients), cardiomyopathy (2), hyper- 
tensive heart disease (3), atrial septal defect (1). 


RESPONSES IN HEART RATE AND BLOOD 
PRESSURE 

Ventricular rate increased in eight non-converters by 
a mean of 19 beats/minute five minutes after the 
second bolus of pirmenol. The use of beta blocking 
agents influenced the changes in heart rate. The 
mean heart rate before conversion or after the second 
bolus in eight patients who took beta blockers did not 
increase, whereas in 12 patients who were not on beta 
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blockers the mean increase was 17 beats/minute 
(Table2). Use of digitalis did not influence the 
change in heart rate in patients on pirmenol. 

There were no significant drug induced changes in 
systolic or diastolic blood pressure in the converter 
and non-converter groups nor in those patients who 
used a beta blocking agent. The lowest systolic blood 
pressure recorded in any patient was 104 mmHg. 
There were no significant changes in the blood pres- 
sure or heart rate in the placebo group. 


ELECTROCARDIOGRAPHIC INTERVALS AND 
PLASMA CONCENTRATIONS OF PIRMENOL 
There were mean increases in QRS duration and QT 
interval of 12 ms (p<0-01) and 33 ms (p<0-001) re- 
spectively 15 minutes after the first injection. The 
longest uncorrected and corrected (Bazett’s formula) 
QT intervals in any patient were 440 ms and 490 ms 
respectively, No bundle branch block appeared. The 
mean (SD) plasma concentration of pirmenol five 
minutes after the first bolus was 1-3 (0-5) mg/litre. In 
patients who received a total dose of 100mg, the 
concentration was 2-1 (0-8) mg/litre five minutes 
after the second bolus and 1-1 (0-3) mg/litre at the 
end of the 60 minute observation period. 

No patient experienced any side effects and none 
had any chest pain or increased dyspnoea. Sinus 
rhythm was later achieved in all patients after a drug 
induced or electrical conversion. 


Discussion 


This is the first report of the effects of pirmenol in 
paroxysmal atrial fibrillation. Other antiarrhythmic 
drugs have been given intravenously to convert non- 
established atrial fibrillation. Halpern et al showed 
that intravenous procainamide restored sinus 
rhythm in nine of 21 patients (43%)? and Fenster 
etal reported that procainamide restored sinus 
rhythm in 58% of patients with atnal fibrillation. +° 
In a study by Camm et al disopyramide terminated 
atrial fibrillation in 10 of 14 subjects (71%).'' A 
single bolus of intravenous amiodarone restored 
sinus rhythm in 46% of patients in 30 minutes.!? 
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Intravenous flecainide converted atrial fibrillation to 
sinus rhythm in 14 of 39 patients within 15 
minutes.!3 Verapamil was successful in 8-15% of 
patients. 47-16 > 

Duration of fibrillation!’ and the size of the left 
atrium’ !” influence the success of conversion. All 
the previously mentioned studies were largely per- 
formed in subjects with non-established paroxysmal 
or acute atrial fibrillation.?~1® Although the du- 
ration of fibrillation varied between studies, making 
comparison of the therapeutic effects difficult, 
fibrillation had not lasted more than one day in most 
patients. The success rate (60%) of pirmenol resem- 
bles that of procainamide disopyramide, and amio- 
darone for short term intravenous use. All of these 
agents restore sinus rhythm rapidly. 

Pirmenc! increases the effective refractory period 
of the atria in man (unpublished). Increased refrac- 
toriness could result either from depression of the 
fast response channel or from prolongation of the 
action potential, both of which effects have been ob- 
served in rabbit atria. A lengthening of the atrial 
effective refractory period theoretically reduces the 
number of disorganised activation wave fronts circu- 
lating in the fibrillating atria.‘ Defibrillation may be 
the result of the increased probability of a conduc- 
tion block with extinction of re-entry due to pro- 
longed refractoriness. Furthermore, experiments in 
rabbits indicate that synchronisation of atrial activa- 
tion wave fronts or reduction in their number may 
enhance the effective conduction of the atrio- 
ventricular node and reduce the degree of concealed 
conduction in the atrioventricular node and hence 
increase the transmission of impulses to the ven- 
tricles.!° 29 The anticholinergic effect of pirmenol?! 
probably also contributes to the increase in ventricu- 
lar rate during atrial fibrillation. 

A higher proportion of patients on beta blockers 
achieved sinus rhythm (7/8 vs 5/12; p=0-07), and 
there was no increase in heart rate in those patients 
who were on beta blockers. Whether beta blocking 
agents were causally related to the.success of con- 
version by pirmenol cannot be definitely established. 
It is unlikely that their use merely selected those 


Table 2 Heart rate responses (beats/minute) m patients in relation to conversion of atrial fibrillation and use of beta 
blockers. Values are mean (SD) at baseline and before termination of fibrillation or five manutes after the last bolus 











No Baseline Pirmenol p value for 
Change Interaction between 
group and change 
Converters 12 111 (20) 116 (18) NS 
<0 05 
Non-converters 8 94 G 113 (19) <0 01 
Beta blocker 8 102 (26) 103 (18) NS 
<0 05 
No beta blocker 12 106 (20) 122 (14) <00! 
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patients with a greater chance of conversion, because 
left atrial diameter or duration of fibrillation were no 
more favourable in those on beta blockers. Also, six 
of the eight patients had been on long term beta 
blockers treatment, and this indicates that these 
drugs were unable to prevent the paroxysm. Similar 
synergism between beta blockers and quinidine in 
atrial fibrillation has been suspected.?? 

The dosages of pirmenol tested and plasma con- 
centrations obtained paralleled those which are 
effective in other arrhythmias. Similar doses (50 mg) 
given intravenously once or twice terminated par- 
oxysmal supraventricular tachycardia,* and single 
short infusions of up to 150 mg abolished premature 
ventricular complexes.” 

Rapid conversion of atrial fibrillation of recent 
onset by intravenous injection of a drug may avoid 
the need for electrical cardioversion and shorten hos- 
pital stay. A fall in blood pressure and depression of 
the sinus node and atrioventricular conduction sys- 
tem are potential adverse reactions of intravenous 
administration of drugs for conversion of atrial 
fibrillation.°~!!1* Qunnidine-like class I anu- 
arrhythmics may also increase ventricular rate.!! 
These untoward effects have prevented the use of 
intravenous conversion as a routine treatment. In the 
present study, from which patients with advanced 
cardiac diseases were excluded, restoration of sinus 
rhythm was uncomplicated except for a short period 
of nodal rhythm in ore patient. Although the full 
electrophysiological effects of pirmenol are not 
known, by analogy with other fast inward current 
inhibitors?>~?5 it is likely to depress impulse for- 
mation and conduction when it is used to treat ar- 
rhythmias associated with sinus and atrioventricular 
nodal disorders. None of our patients had a hypo- 
tensive reaction. Pirmenol is known to increase 
blood pressure slightly and has only a slight myo- 
cardial depressant effect.7§ 

In conclusion, pirmenol has an antifibrillatory 
effect in the atria. Its efficacy seems comparable to 
that of the agents presently available for rapid con- 
version of atrial fibrillation. It is well tolerated by 
patients without congestive heart failure or a dis- 
eased sinus node. 
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The combination of a beta-blocker 
with a diuretic will offen give the extra 
control needed in hypertension when 
single-drug therapy has failed to produce 
an adequate response, or as first line 
therapy for more severely hypertensive 
patients 
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Effect of long term treatment with metoprolol and 
sotalol on ventricular repolarisation measured by 
use of transoesophageal atrial pacing 


CARINA BLOMSTROM-LUNDQVIST, MICHAL DOHNAL, ISAAC HIRSCH, 
ANETTE LINDBLAD, AKE HJALMARSON, S BERTIL OLSSON, 


NILS EDVARDSSON 


From the Division of Cardiology, Medical Department I, Sahigren’s Hospital, S-413 45 Gothenburg, 


Sweden 


SUMMARY The effects of long term (4 weeks) treatment with oral metoprolol (100 mg twice daily) 
and sotalol (160 mg twice daily) on ventricular repolarisation time were compared in a double 
blind crossover study in 20 patients post-infarction. For QT interval studies transoesophageal 
atrial pacing was performed at a cycle length of 800 ms. Sotalol prolonged the QT interval by 
5-7% compared with metoprolol. The prolongation reflects a change in the repolarisation time 
because there was no change in the QS interval. Measurements of heart rate at rest and during 
bicycle exercise indicated that metoprolol and sotalol in the doses selected were equipotent as beta 
blockers. Transoesophageal atrial pacing is a simple non-invasive method with few and mild side 


effects that is well suited to drug studies. 


According to the Vaughan Williams classification, 
beta adrenergic receptor antagonists have class IT 
antiarrhythmic properties that are characterised by a 
reduction of the spontaneous phase 4 depolarisation 
of pacemaker cells.1 Some beta blockers, for example 
alprenolol and propranolol, also have a direct mem- 
brane stabilising (class I) effect that leads to a reduc- 
tion in the maximum rate of rise of cardiac action 
potentials.! This antiarrhythmic effect has been seen 
when high concentrations of such drugs are used in 
vitro, but it is believed to be of no clinical 
importance.? ? 

Metoprolol is a cardioselective beta blocker which 
has no intrinsic sympathomimetic activity and mem- 
brane stabilising properties. Sotalol is a non- 
cardioselective beta blocker that has no important 
membrane stabilising or intrinsic stimulatory activ- 
ity.!5 In contrast to other currently available beta 
blockers, sotalol has class IJI antiarrhythmic activity 
in that it increases the duration of the action poten- 
tial after short term administration.°’ Some beta 
blockers including metoprolol have caused similar 
effects but only after long term treatment and to a 
lesser degree. Although recent studies in man have 
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suggested that sotalol and other currently available 
beta blockers may have different effects on ventricu- 
lar repolarisation after long term treatment as far as 
we know no double blind study has been performed 
to confirm this.2° Craemer et al performed a ran- 
domised crossover study but this was not double 
blind.!° 

We have compared the effects of long term treat- 
ment with metoprolol (class IT) and sotalol (classes 
TI and IIT) on ventricular repolarisation in a double 
blind crossover study in patients who were already 
on chronic beta blocker treatment after a previous 
myocardial infarction. We used doses of metoprolol 
(100 mg twice daily) and sotalol (160 mg twice daily) 
with equipotent beta blocking effects. 


Patients and methods 


We studied 20 men aged 46—64 years (mean 60 years) 
who had had a myocardial infarction more than one 
year before. They were on long term metoprolol 
treatment (minimum daily dose of 150 mg). None 
was on any other antiarrhythmic agent. We excluded 
patients with clinical signs of heart failure or severe 
angina (New York Heart Association functional class 
III-IV) and those with either partial or complete 
bundle branch block. To ensure measurable QT in- 
tervals we did not study patients with biphasic nega- 
tive T waves or U waves in the surface lead V2. The 
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study protocol was approved by the ethical commit- 
tee of the hospital, and each patient gave informed 
oral consent. 


METHODS 

In this double blind crossover study the patients 
remained on their usual long term treatment with 
‘metoprolol during the run-in period. They were ran- 
domly allocated to receive oral sotalol 160 mg twice 
daily (10 patients) or metoprolol 100 mg twice daily 
(10 patients) for four weeks (period I). After this they 
were switched to treatment with the other tablet for 
another four weeks (period II). Investigations were 
performed during the run-in period and after both 
periods of treatment. 


BRGOMETER TEST 

The patients underwent a bicycle ergometer test 
starting at a workload of 50 W which was increased 
by 10 W per minute. Heart rate, blood pressure, and 
a 12 lead electrocardiogram were monitored each 
minute. When the heart rate reached 70% of the 
predicted maximum pulse rate the exercise test was 
stopped. The effect of the beta blockade was evalu- 
ated and compared by measurement of heart rates at 
rest and during exercise. 


TRANSOBSOPHAGEAL ATRIAL PACING 
With the patient in a semirecumbent position, that is 
lying at approximately 40° to the horizontal, a bi- 
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polar electrode catheter was advanced into the distal 
oesophagus. We used flexible silicone rubber coated 
bipolar electrode catheters with an interelectrode 
distance of 18 or 28 mm (Medtronic 6992). The 
distal electrode was designated as the negative (cath- 
ode) electrode. Unipolar atrial electrograms were 
recorded from the catheter (Fig. la). The electrode 
position was adjusted to obtain a maximum positive 
unipolar atrial deflection from the distal electrode 
and a biphasic atrial electrogram from the proximal 
electrode. The minimum threshold current required 
to pace the atria reliably was determined by a tech- 
nique described elsewhere.'! A burning sensation 
causing slight epigastric discomfort was common 
during stimulation, but no sedative or other pre- 
medication was required. Transoesophageal bipolar 
atrial stimulation was undertaken for approximately 
three minutes at a basic cycle length of 800 ms (Fig. 
1b). Atrial stimulation was performed with a pro- 
grammable stimulator made in our own laboratory 
that delivers a constant current square-wave pulse. 
The pulse width was fixed at 10 ms. A precordial 
electrocardiogram was displayed on an oscilloscope 
and recorded on a Mingograph 82 (Siemens~Elema) 
as well as on a tape recorder (TEAC) during atrial 
stimulation. 

BLOOD SAMPLING 


Blood samples were collected immediately after the 
investigations for later analyses of plasma concen- 
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Fig. 1 (a) A representative example of unipolar atrial electrograms recorded from the oesophageal electrode catheter. 
Paper speed 50 mm/s. (b) Recording of transoesophageal bipolar atrial pacing from the same patient as tn (a). Atrial 
stimulation was performed at a basic cycle length of 800 ms. The arrow indicates the stimulus spike. Paper speed 25 mm/s. 
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JT=QT~QOS 


Fig. 2 The following intervals were analysed: QS (from 
the beginmng of the Q wave to the end of the S wave), 
QTT (from the begrnning of the Q wave to the top of the 
Twave), and QTE (from the beginmng of the Q wave to 
the end of the T wave). The JT interval was calculated by 
subtracting the QS interval from the QT interval. All 
mtervals were measured at a paper speed of 100 mm|s. 


trations of metoprolol and sotalol. 


COMPUTERISED ANALYSIS OF THE QRST 
INTERVALS - 

We used a specially developed interactive computer 
program to analyse the following variables: QS, QT 
top, QT end, JT top, and JT end (as defined in Fig. 
2). All measurements were made from lead V2 (ex- 
cept for one patient where V3 was used because of 
lack of signal). The intervals were all measured at a 
fixed basic atrial pacing cycle length of 800 ms. A 
representative sample of each recording saved on 
tape was displayed on the oscilloscope. For the first 
beat chosen, the operator defined the following seven 
points: start of the pacemaker stimulus, start of the 
Q wave, top of the R wave, negative top of the S 
wave, end of the S wave, top of the T wave, and end 
of the T wave. For the subsequent analysed beats 
these points were outlined by the program but could 
be corrected if necessary. Only signals that were pre- 
ceded by constant and adequate pacing were ana- 
lysed. All the results are the means of at least five 
representative complexes. The output consisted of a 
table of each individual variable for all accepted 


beats as well as the mean values and standard devi- 


ations. 


QTc CALCULATION 

QTc is usually calculated by the Bazett formula from 
the QT interval measured during sinus rhythm. In 
the present study the QTc was calculated from the 
QT intervals measured during transoesophageal 
atrial pacing at a basic cycle length of 800 ms. 


STATISTICAL METHODS 

We used the two-tailed Student’s ¢ test to compare 
paired differences. The level of statistical 
significance was set at a p<0-05, but all p values are 
given. 


Results 


Fifteen out of 20 patients were included in the QT 
interval analysis. The reasons for exclusion were as 
follows: one patient was excluded during run-in be- 
cause he developed hypotension, sweating, and 
dizziness and slight bradycardia when trans- 
oesophageal atrial pacing was started. The symp- 
toms and physical findings were observed shortly 
after pacing was started, and stimulation was discon- 
tinued before reliable atrial pacing could be ob- 
tained. The patient reported no pain. Blood pressure 
returned to normal after the patient was tilted in the” 
head down position. In another patient an intoler- 
able headache developed during blind period 1 (so- 
talol) and the medication was discontinued after 11 
days. Three patients had biphasic negative T waves 
or prominent U waves in one or more recordings that 
made subsequent comparisons of QT intervals im- 
possible. They completed the study but were ex- 
cluded from QT interval analyses. 

Thus atrial pacing was performed without side 
effects in 18 of 19 patients on three consecutive occa- 
sions. The means of the thresholds for adequate pa- 
cing were: 19 mA (run-in), 21 mA (metoprolol), and 
22 mA (sotalol) (range 7-36 mA). 


HEART RATB 

The heart rates at rest and-during exercise (measured 
at a workload of 100W) were not significantly 
different on the two treatments (Table). This indi- 
cates that a similar degree of beta blockade was in- 
duced by the two agents. 


QS INTERVALS 

There was no significant change in the QS interval, 
which was within the normal range (Table) on both 
agents. 


QTT AND QTEINTERVALS 
Treatment with ‘sotalol was‘ “asgociated, With a. 
significantly longer QTT interval than treatment 


, with. metoprolol (mean (SD)) (319 (18) ms-vus 301 
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Table Comparisons of heart rate and QRST intervals (ms) during run-in and after 4 weeks’ treatment with metoprolol 


or sotalol 

Results Rua-m M S Mus runan Sos run-in Sos run-in SoM Su M 
(p) (p)} (% change} (p) (% change) 

Heart rate at rest (opm) 58 gs 55 (8) 57 a8 NS NS mme NS — 

Heart rate at 100 W (bpm) 96 (20 92 (11) 95 (14) NS NS mm NS — 

Qs 98 (12 99 (11 100 (9) NS NS -l NS — 

QT top 300 a 301 (16) 319 (18) NS <0 001 +6 <0-001 + 6 

QT end 421 (17) 414 ( 436 ce NS <0 M1 +4 <0 001 +5 

JT top 202 (16) 202(19) 219(23) NS <0 001 +8 <0-001 +8 

JT end 324 aa 316 (26) 336 (28) NS <0 005 +4 <0 001 +6 

QTc top 330 (10) 340 (20) 360(20) NS <0 001 +9 <000l +6 

QTc end 470 (20) 460(30) 490(30) NS <0-005 +4 <0 001 +7 





Run-1n, long term treatment with metoprolol at a minimum daily dose of 150 mg; M, after four weeks’ treatment with metoprolol 
(100 mg x 2); S, after four weeks’ treatment with sotalol (160 mg x 2). 


(16) ms, +6%; p<0-001). Sotalol also prolonged the 
QTE interval (436 (25) ms vs 414 (25) ms, +5%, 
p<0-001) (Table and Fig. 3). 


QTc 

We used Bazett’s formula to calculate the QTc from 
the QT intervals measured during atrial pacing. The 
QTc top was 340 (20) ms during metoprolol and 360 
(20) ms during sotalol treatment (p<0-001). The 
QTc end was 460 (30) ms (metoprolol)and 490 (30) 
ms (sotalol) (p<0-001) (Table). 


JTT AND JTEINTERVALS 
The JTT and JTE intervals increased by 8% and 
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6% respectively (p<0-001) during treatment with 
sotalol compared with metoprolol (Table). 


PLASMA CONCENTRATIONS 

The plasma concentration of metoprolol in 15 sam- 
ples about five hours after one oral dose was 41—700 
nmol/l (mean 265 nmol/l). The plasma concentration 
of sotalol in 14 samples was 0-8-2-0 ug/ml (mean 1-4 
pg/ml). One sample was lost. 


Discussion 


The antiarrhythmic efficacy of beta blockers may be 
the result of their ability to oppose the effects of 
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Fig. 3 Electrocardiograms obtarned during atrial pacing from one patient. They show the QT intervals during treatment 
with metoprolol (a) and sotalol (b). The arrow indicates the stimulus spike. Paper speed was 50 mm|s. 
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catecholamines on automaticity and conductivity. 
Animal studies have shown that several beta block- 
ing agents with different pharmacological properties 
produce a moderate prolongation of the ventricular 
repolarisation time when they have been given for 
four weeks.’?'* This contrasts with that lack of 
effect after short term administration. In healthy vol- 
unteers metoprolol prolonged the right ventricular 
repolarisation time by 6-8% after five weeks’ treat- 
ment with 400 mg daily; short term administration of 
metoprolol had no effect.’ 

In contrast, short term administration of sotalol, 
which was initially described as a pure beta adre- 
nergic antagonist with class II activity, considerably 
increased the action potential duration. ” This class 
III mode of action was recently confirmed in patients 
with atrial fibrillation. Sotalol prolonged the right 
ventricular repolarisation time by about 13-17% af- 
ter intravenous administration of 100 mg, and this 
effect was maintained after twelve weeks of oral 
treatment. This is consistent with other reports 
demonstrating a prolongation of QT and JT inter- 
vals after short term administration of sotalol.'* The 
mechanism by which beta adrenergic blockers such 
as metoprolol prolong the ventricular repolarisation 
time after chronic treatment is not yet known. It has 
been proposed that this effect represents a myo- 
cardial adaptation to prolonged beta blockade.!* 

In order to clarify whether long term treatment 
with a beta blocker without class ITI activity would 
prolong the ventricular repolarisation time to the 
same extent as an antiarrhythmic agent with com- 
bined class II and III activity, it seemed logical to 
use sotalol as a standard for comparison. The ven- 
tricular repolarisation time may be assessed from the 
QT intervals, ventricular effective refractory peri- 
ods, and ventricular monophasic action potentials. 
Recent studies with beta adrenergic blockers have 
shown consistent changes in these indices after long 
term treatment.’ 

Difficulties with defining the end of the T wave 
make measurement of the QT interval uncertain.'® 
To ensure more easily defined intervals we also in- 
cluded the QT top interval. The QT interval is fre- 
quency dependent and the most widely applied rate 
correction factor has been Bazett’s formula. The for- 
mula was intended to correct the values to a heart 
rate of 60 beats per minute, but will give an over- 
correction of the QT interval at high rates and an 
undercorrection at low heart rates. When Bazett’s 
formula is used for correction during sinus rhythm, 
slight or even moderate drug induced changes might 
therefore be masked, as they were in other drug stud- 
ies.'? If, however, the heart rate is kept constant, the 
measurements will contain a systematic error but 
will allow drug induced changes to be detected. To 
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circumvent the use of a correction factor some pre- 
vious studies have compared QT intervals at identi- 
cal and constant paced heart rates by means of 
intracardiac atrial stimulation.'° !7 

To ensure the detection of even minor drug in- 
duced changes and to avoid an invasive intervention, 
we have compared QT intervals at a fixed paced 
heart rate produced by transoesophageal atrial sum- 
ulation. We performed transoesophageal atrial 
pacing on 56 different occasions and on only one 
(1:8% ) occasion was there a complication, judged to 
be a vasovagal reaction. 

The electrode catheter insertion depth is carefully 
controlled to minimise the pacing threshold and the 
appropriate depth may be predicted by the site of the 
maximum atrial electrogram or the patients 
height.'* In the present study, the threshold for ad- 
equate atrial pacing was found in most patients when 
the atrial electrogram from the proximal electrode 
showed a biphasic deflection and the distal electrode 
a highly positive atrial deflection, and this accords 
with other studies.1! The mean minimum pacing 
threshold was of about the same magnitude for all 
three pacing sequences in the same patient when 
pacing was performed from identical positions. 

The minimum current required for atrial pacing 
varies among different investigators. In one study, 
atrial capture was achieved in 75% of the attempts 
when a current of 17-5 mA was used.!® Others have 
reported an average minimum pacing threshold of 10 
mA (range 45-20 mA).!! The minimal thresholds 
obtained in the present study were somewhat higher 
than those reported by other investigators, but no 
patient complained of intense discomfort. The cur- 
rents used in this study were considerably below 
those reported to produce hyperaemia or epithelial 
erosion in canine experiments.'? 7° Epithelial ero- 
sion appeared after pacing at 60 mA ata pulse width 
of 2 ms for 4 hours, but no injury was noted when the 
pacing time was limited to < 30 minutes. 

We found that four weeks’ treatment with sotalol 
significantly prolonged the QT intervals by 5-7% 
more than metoprolol (Table). The prolongation 
was confined to the JT interval, as there was no 
significant difference in the QS interval, and this 
must therefore reflect a change in the ventricular 
repolarisation time. This is consistent with results 
from other studies, although the groups of patients 
studied were not comparable.®°?! The QT top and 
the QT end intervals showed consistent changes, 
which suggests that the former may be used with 
advantage, especially when the end of the T wave is 
obscured. The QTc showed similar and statistically 
significant changes when calculated from a fixed 
paced heart rate. The QTc was not calculated during 
sinus rhythm. The heart rates at rest and the heart 
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rates during exercise were not significantly different 
on the two treatments, hence the difference in the 
repolarisation time cannot be attributed to unequal 
beta blockade. 

Even though long term administration of various 
beta blockers may result in a class III like mode of 
action, this study and those of others indicate a quan- 
titative difference between these agents and sotalol. 
Unlike metoprolol, sotalol significantly and selec- 
tively prolonged ventricular refractoriness in in- 
farcted zones compared with normal myocardium 
after short term admunistration in dogs.?? In the 
same study sotalol significantly prevented and 
slowed ventricular arrhythmias in ischaemic myo- 
cardium; metoprolol did not have this effect. 
Whether this effect is due to the class III property of 
sotalol or to other differences (beta, blockade) is not 
known. 

In conclusion, sotalol significantly prolonged the 
QT interval by 5-7% compared with metoprolol 
after four weeks’ treatment. The prolongation 
reflects a change in the repolarisation time, since no 
significant change in the QS interval was noted. As 
the QT top and QT end intervals showed consistent 
changes, the former may be used when there are 
difficulties in defining the end of the T wave. No rate 
correction factor was required to obtain these QT 
interval changes because they were measured at a 
fixed heart rate. Transoesophageal atrial pacing was 
found to be a simple non-invasive method with few 
and relatively mild side effects. The method is well 
suited for drug studies requiring measurements at 
fixed heart rates. 


This study was supported by grants from the Medi- 
cal Society of Gothenburg and the Swedish National 
Association Against Heart and Chest Diseases. 
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Intravenous captopril treatment in patients with 
severe cardiac failure 
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SUMMARY The effect of intravenous captopril was studied in 26 patients with severe chronic heart 
failure. Fourteen patients received a 25 mg intravenous bolus dose and 12 patients were given a 
series of incremental intravenous doses over the range 0-3125-45 mg. After the 25 mg bolus dose 
there was a rapid reduction in systemic vascular resistance and systemic blood pressure. The 
effect was greatest five minutes after the dose when cardiac output was increased by 20%. Mean 
right atrial pressure and pulmonary end diastolic pressure fell more slowly and reached their 
nadir 60 minutes after administration. Plasma free captopril concentration was significantly cor- 
related with percentage reduction in systemic vascular resistance 15 minutes after the bolus 
injection, but was not correlated with either changes in right atrial or pulmonary artery pressures. 
With the series of incremental doses there was a progressive fall in systemic vascular resistance 
until a cumulative dose of 5-0 mg was reached; beyond this there was no further significant 
change. 

The rapid response to intravenous captopril indicates that it may be useful in the treatment of 
patients with severe heart failure who require intensive treatment. After intravenous injection of 
captopril haemodynamic responses in patients with heart failure were greatest at plasma concen- 
trations of 100 g/ml to 150 ng/ml. This is considerably higher than the plasma free captopril 
concentrations found after conventional oral doses of captopril. 


Captopril, an angiotensin converting enzyme in- 
hibitor, has become established as a treatment for 
severe chronic cardiac failure.'~5 Unul now only 
oral formulations have been available for clinical 
studies. To assess the feasibility of intravenous cap- 
topril treatment in patients with severe heart failure 
we have studied the haemodynamic responses to the 
administration of (a) a 25 mg bolus dose of intra- 
venous captopril and (b) a series of incremental in- 
travenous doses. The haemodynamic responses 
were compared with the time-profile of changes in 
plasma free captopril concentration and plasma 
renin activity. 


Patients and methods 


PATIENTS 
We studied 26 panents (17 men and 9 women, mean 
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age (SE) 60 (2) years, range 36-76). Fourteen re- 
ceived a bolus dose and 12 were given incremental 
doses. All patients had breathlessness at rest or on 
mild exertion (New York Heart Association func- 
tional class III or IV) despite regular treatment with 
digoxin and diuretic (frusemide 2120 mg/day or 
bumetanide >4 mg/day). Each patient had severe 
myocardial impairment; this was secondary to is- 
chaemic heart disease in 17 patients, to cardio- 
myopathy in six, and to rheumatic heart disease in 
three patients. The isotopically determined left ven- 
tricular ejection fraction (mean (SE)) was 19 (2)% 
(range 6~38%,). Patients had fasted overnight and 
had not taken other medications on the day of study. 
Vasodilator treatment had been stopped at least 
three days before. 


HAEMODYNAMIC RECORDINGS 

The patient remained supine throughout the study 
period. Right atrial and pulmonary arterial pres- 
sures and cardiac output were measured with a triple 
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lumen flow directed thermodilution catheter. Zero 
for pressure recordings was taken at 10 cm above 
table height. Cardiac outputs were measured in trip- 
licate. Systemic arterial pressure was recorded at the 
arm by an electronic sphygmomanometer (Copal 
digital sphygmomanometer: UA251). 


PLASMA FREE CAPTOPRIL CONCENTRATION 
N-ethylmaleimide (10 mg) was added to 5 ml plasma 
which had been separated in a refrigerated centri- 
fuge immediately after withdrawal of the blood 
sample. Plasma free captopril concentration was 
measured by radioimmunoassay. The coefficient of 
variation of the assay is 7-5% with a minimum de- 
tection limit of 2 ng/ml in plasma. 


PLASMA RENIN ACTIVITY 

Plasma renin activity was measured by the method 
of Drury and Edwards.” The normal range for su- 
pine subjects is 0-3-1-5 ng/ml/h. 


BOLUS INTRAVENOUS CAPTOPRIL DOSE 

A 25 mg bolus dose of captopril was given to 14 
patients. Each had tolerated a 6-25 mg oral test dose 
three days earlier. After the insertion of the thermo- 
dilution catheter and after haemodynamic mea- 
surements had stabilised, three control recordings 
were made at 15 minute intervals. The 25 mg dose of 
intravenous captopril was then injected at a constant 
rate over 5 minutes. Haemodynamic recordings and 
blood samples for plasma free captopril concen- 
tration and plasma renin activity were taken at 5, 15, 
30, 45, 60, 75, and 90 minutes after the end of injec- 
tion. An additional measurement of systemic arterial 
pressure was taken at 2:5 minutes. 


INCREMENTAL INTRAVENOUS CAPTOPRIL 
DOSES 

After control recordings, 12 patients received bolus 
doses of 0-3125, 0-3125, 0-625, 1-25, 2-5, 5-0, and 
10-0 mg of captopril at 15 minute intervals, corre- 
sponding to cumulative dosages of 0-3125, 0-625, 
1-25, 2:5, 5-0, 10-0, and 20-0 mg of captopril. Four 
patients received an additional final 25 mg dose of 
captopril. Each dose was injected over 30 seconds. 
Haemodynamic recordings and blood samples were 
taken immediately before each incremental dose of 
captopril. 


STATISTICAL ANALYSIS 

The following statistical tests were performed on a 
PDP11/44 computer with Minitab statistical pack- 
age: Student ¢ tests, analysis of variance, and cor- 
relation coefficients. All figures are mean (SE). 
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Results 


Figure 1 shows the haemodynamic changes found 
after the 25 mg intravenous bolus dose. Systemic 
vascular resistance, mean systemic arterial pressure, 
and cardiac output changed rapidly, with maximal 
changes occurring at five minutes after the dose. 
Pulmonary end diastolic pressure and mean right 
atrial pressure fell more slowly reaching a nadir at 60 
minutes after captopril. The Table shows the means 
of individual maximum changes. Plasma free cap- 
topril concentration was 2106 (417) ng/ml at 5 
minutes after end of injection and fell to 75 (12) 
ng/ml at 90 minutes. The plasma free captopril con- 
centration and percentage reduction in systemic vas- 
cular resistance were significantly correlated at +15 
minutes (r=0-60, p=0-02). The plasma free cap- 
topril concentration and percentage reduction in 
mean right atrial pressure were not significantly cor- 
related. 

Figure 2 shows the haemodynamic response and 
plasma free captopril concentration after each in- 
cremental dose. There was a progressive change in 
systemic vascular resistance up to a cumulative dose 
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after a 25 mg intravenous bolus dose of captopril was injected 
over 5 minutes m 14 patients with severe chrome heart 
failure. (Time 0, end of injection.) 
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Table Maximal haemodynamic changes after a 25 mg intravenous bolus dose of captopril in 14 patients (mean (SE) ) 











Basal Maximal change % change p value” 
Systemic vascular resistance (dyn s cm™*) 1994 (138) 1380 (100) —31% <0 001 
Mean systemic pressure (mm Hg) 93 (4) 76 (4) ~18% <0 001 
Cardiac output (l/min) 3 43 (0 18) 411 (0 22) +20% <0 001 
Pulmonary artery end diastolic pressure (mm Hg) 25 (2) 18 (2) —28% <0 001 
Mean right atrial pressure (mm Hg) 102(1 1) 59(1 1) — 42% <0 001 
Heart rate (beats/min) 86 (5) (5) ~10% <0 001 
* Analysis of variance. 
of 5 mg; beyond this no further significant change Discussion 


was recorded (analysis of variance). The four pa- 
tients given an additional final dose of 25 mg cap- 
topril (total cumulative dose 45 mg) did not have any 
further change with this additional dose (data not 
shown). 

Six patients given a 25 mg intravenous bolus dose 
had plasma free captopril concentration and plasma 
renin activity measured for up to 24 hours after the 
dose (Fig. 3). The half life for plasma free captopril 
measured between 1-5 and 8 hours was 3-36 (0-25) h. 
Volume of distribution was 3-96 (0-53) l/kg and the 
clearance was 0-81 (0-07) I/Kg/h. In these six patients 
plasma renin activity rose from a mean control value 
of 9-1 (3-7) ng/mi/h to a maximum of 65-6 (25-4) 
ng/ml/h 45 minutes after the injection of a 25 mg 
bolus (p <0-05). 


Cumulative dose = 8 Rn ocos 
of captopril (mg) 9,9,7 53S] 





An intravenous bolus of 25 mg captopril produced a 
very rapid reduction in systemic vascular resistance 
and caused almost immediate changes in cardiac 
output and systemic blood pressure. This is in keep- 
ing with the fact that angiotensin converting enzyme 
is located principally in the body’s central compart- 
ment, that is the blood and lungs. The reduction in 
mean right atrial pressure and pulmonary end 
diastolic pressure was biphasic with a rapid initial 
fall followed by a continued decline to the nadir at 60 
minutes after injection. This finding supports the 
concept that the effect of captopril on venodilatation 
may not be identical to the effect on systemic re- 
sistance.*~'!? The rapid response to intravenous 
doses indicates that intravenous captopril may have 
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Fig.2 Profile of mean (SE) haemodynamne response after 
incremental doses of mtravenous captopril m 12 panents with 
severe chronic heart failure. 


Fig 3 Plasma free captopril concentration and plasma 
renin activity after a 25 mg intravenous dose of captopril in 
` six patients with severe chrome heart fatlure. 
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a place in the treatment of patients with heart failure 
who require intensive treatment. 

The results of the incremental dosage study indi- 
cate that in patients with heart failure there is a 
progressive increase in response between 0:3125 mg 
and 5-0 mg of intravenous captopril and that a dos- 
age range of 0-5—5-0 mg could be used to titrate the 
response in patients on intravenous treatment. Pre- 
liminary work in patients with hypertension suggest 
that they have a different dose response relation. 

The effects of the 25 mg bolus of captopril on sys- 
temic vascular resistance, cardiac output, and sys- 
temic pressure were not sustained at the maximum 
level and the reduction in systemic vascular re- 
sistance fell from 28% to 9% by 90 minutes after the 
dose. Mean plasma free captopril concentration had 
fallen to 75 ng/ml] by then. In the patients receiving 
incremental doses the plateau of response was 
reached at a mean plasma free captopril concen- 
tration of 128 ng/ml. This suggests that a maximal 
haemodynamic response to captopril in patients 
with heart failure may require plasma free captopril 
concentrations in the range of 100-150 ng/ml. This 
is considerably higher than the plasma free captopril 
concentration found before dosage in cardiac pa- 
tients maintained on 12:5-25 mg of captopril given 
orally three times a day.'? Though it is difficult to 
correlate the short term haemodynamic response 
and long term response to captopril, these data sug- 
gest that a higher dose or more frequent adminis- 
tration of captopril may be needed to maintain a 
maximal haemodynamic response. 
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Heart failure associated with infective endocarditis 
A review of 40 cases 
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SUMMARY Thirty one (78%) of 40 consecutive patients (aged 13-79, mean 44 years) with 
infective endocarditis had congestive heart failure at presentation. Twenty six (65%) had had 
rheumatic heart disease and 17 (43%) patients had prosthetic valves. Eight (20%) patients had 
undergone dental procedures within three months of presentation. Blood cultures were positive 
in only 22 (55%) of the patients. In nine (41%) of them streptococci of the viridans group were 
isolated and in seven (32%) patients endocarditis was due to Staphylococcus aureus. Eight patients 
had Q fever endocarditis. Sixteen patients required operation because of haemodynamic deterio- 
ration while they were in hospital; 11 patients had native valves and five had prosthetic valves. 
Seven had emergency operations and were pyrexial at that time. Four of the seven died in hospi- 
tal. Of the 12 who were alive and well after surgery only two required further surgery two and 
three years after the initial operation. 

Twelve (30%) of the 40 patients died in hospital; in 10 death was mainly due to left ventricular 
failure or congestive heart failure. All patients died who had renal failure (four cases), myocardial 
infarction (two cases), complete heart block (one case), or ventricular fibrillation (two cases) 
before operation. Six (33%) of the 18 patients with culture negative endocarditis died. Two of the 
four patients seen and treated more than 12 weeks after the onset of symptoms died, as did three 
of the five patients with prosthetic valves who required surgery while in hospital. Three patients 
with neurological complications survived and only two (29%) of the seven patients with blood 
cultures that were positive for Staphylococcus aureus died. 

Of these 40 high risk patients optimal antibiotic treatment and early surgery for haemodynamic 
difficulty ensured that 28 (70%) were discharged from hospital alive and well. 


There are no accurate figures for the incidence of 
infective endocarditis in the United Kingdom, but it 
has been estimated that there are currently 40-50 
cases per 1-8-2 million population per year. The 
incidence of the disease does not seem to have fallen 
with antibiotic use. Infective endocarditis remains 
an important cause of mortality and morbidity, with 
rheumatic heart disease as its chief underlying cause, 
though to a much lesser extent today than a few de- 
cades ago. Heart failure significantly increases the 
risk of death in patients with infective endocarditis 
Requests for reprints to Dr A A J Adgey, Regional Medical Cardi- 
ology Centre, Royal Victoria Hospital, Belfast BT 12 6BA, North- 
ern Ireland 

Present addresses *Eme Hospital, Enniskillen; and tRoyal Victoria 
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managed either medically or medically and 
surgically. 

We have reviewed the presentation, management, 
and short term outcome in 40 consecutive patients 
with infective endocarditis. Thirty one (78%) of 
them presented clinically in congestive heart failure 
and in nine there was difficulty in establishing the 
diagnosis of infective endocarditis mainly because of 
negative blood cultures. All patients were admitted 
to this hospital between 1974 and 1980 during the 
acute phase of the illness. 


Patients and methods 


The patient was considered to have endocardits if 
the clinical picture was suggestive of the disease and 
blood cultures or serology were positive, or if in the 
presence of negative blood cultures the clinical pic- 
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ture was typical or vegetations were found on the 
endocardium at operation or necropsy. All patients 
were either referred to this centre because their clin- 
ical condition was deteriorating, usually due to con- 
gestive heart failure, or because of difficulry in the 
diagnosis of infective endocarditis (tertiary referral). 
There were 28 male and 12 female patients (male to 
female ratio 2 3:1). Their mean age was 44 years 
(range 13-79 years) (Figure). 


Results 


At presentation 31 of these patients were clinically in 
congestive heart failure. Before infective endo- 
carditis developed 26 patients had had rheumatic 
heart disease, six patients had a bicuspid aortic 
valve, two a ventricular septal defect, one a mitral 
valve prolapse, one an atrioventricular canal, and 
one a persistent ductus arteriosus. Three patients 
had no predisposing cardiac abnormality. Infective 
endocarditis was present in 17 patients with pros- 
thetic heart valves; 10 patients had Srarr-Edwards 
valves, three had Bjérk-Shiley prostheses, two 
patients had fascia lata, one a homograft, and one a 
Carpentier-Edwards prosthesis. In all endocarditis 
developed more than 60 days after the initial valve 
replacement. There was evidence of a predisposing 
event in 32 (80%) patients. Eight patients had had 
dental procedures within three months of 
presentation. The eight patients who had Q fever 
endocarditis had all been in contact with cattle or 
sheep before their illness; one of them had drunk 
unpasteurised milk. Seven patients had had a sore 
throat and five patients a respiratory tract infection. 
Of the remaining four, one patient had had a chole- 
cystectomy for gall stones and had positive blood 
cultures for Streptococcus faecalis, one patient bad 
had a toe infected with Staphylococcus aureus and 
Staph aureus was grown from blood cultures, one 
patient had had a Meckel’s diverticulum removed 


Varma, McCluskey, Khan, Cleland, O’Kane, Adgey 


but had negative blood cultures, while the oldest pa- 
tient in the group, whose blood cultures grew Strep 
faecalis had had a recent head injury. 

Causative organisms were isolated from blood 
cultures in only 22 (55%) patients. These were 
streptococci of the viridans group in nine (41%) pa- 
tients, Staph aureus in seven (32%) patients, Strep- 
tococcus pneumoniae in two, Streptococcus faecalis in 
two, Staphylococcus epidermidis in one, and f hae- 
molytic streptococcus in one. None of the patients 
had a mixed positive culture. Eighteen (45%) pa- 
tients had negative blood cultures. In 10 of these 
causative organisms were later identified—in eight 
patients serum samples were positive for chronic Q 
fever (Coxiella burnetii) and organisms were 
identified post mortem in two (Staph aureus and 
Strep faecalis were grown from the vegetations in 
one patient and Candida albicans was identified in 
the other). 

At admission all our patients complained of fever 
and night sweats. Thirty five (87%) also reported 
malaise, weakness, headache, or tiredness. Abdom- 
inal pain was a presenting symptom in 17 (42%) pa- 
tients and anorexia in 12 (30%). Eight patients 
complained of arthralgia and a further five (12%) 
patients complained of chest pain. Nine patients had 
symptoms from embolic episodes; most of these 
lesions were in the fingers and toes. Cerebral emboli, 
as manifest by meningeal symptoms or focal neu- 
rological deficit or both, occurred in two patients, 
while one other patient had a Roth spot in the fun- 
dus of the eye. The major clinical findings at 
presentation were hepatomegaly of 1-6 finger- 
breadths in 25 patients and splenomegaly of 1~8 
fingerbreadths in 22 patients. Thirteen patients had 
clubbing of the fingers and toes and 10 patients had 
purpura during the course of their illness. On rou- 
tine ward testing 28 patients had haematuria. 

On admission 35 of the 40 patients had a hae- 
mogiobin concentration of <12 g/dl. Four patients 
had a leucopenia (white cell count < 4000/u1) and 28 
patients had leucocytosis. In 37 the erythrocyte sed- 
imentation rate was more than 20 mm an hour. 
Platelet counts were < 150 000/y1 in 11 of the 32 pa- 
tients in whom they were measured. Two of our pa- 
tients, both with Q fever, had pancytopenia. A third 
patient with Q fever endocarditis had a normal hae- 
moglobin concentration but pronounced reduction 
of the white cell and platelet counts. Gamma globu- 
lin concentration was raised in 23 of the 31 patients 
in whom it was measured. IgG and IgM concen- 
trations were measured in 29 patients; they were 
raised in 14 and 15 patients respectively. IgA was 
measured in 25 patients, and it was raised in 10 of 
them. A latex test for rheumatoid arthritis was posi- 
tive in eight of 24 patients. C3 complement was mea- 
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sured in 10 patients; it was raised in four, depressed 


in two, and normal in the remaining four. 


Echocardiography was carried out in 24 patients; 
18 patients had vegetations on one or several valves 
and in five of them blood cultures were negative— 
one had Q fever endocarditis and one had gram pos- 
itive and gram negative organisms grown from the 
vegetations on the aortic valve at necropsy and one 


was considered to have fungal endocarditis. 


Of the 31 patients in congestive heart failure at 
presentation two had abnormalities of the central 
nervous system on admission—there were signs of 
meningitis in one and a Roth spot in one—while in 
hospital four patients developed renal failure, two 
patients had myocardial infarction, and one had 
complete heart block. Ventricular fibrillation devel- 
oped in two patients before operation. One patient 
who did not have congestive heart failure developed 
a transient left hemiparesis. Thus, these 40 patients 
were a high risk group in that throughout hospital 
stay only eight had no clinical evidence of congestive 
heart failure, renal failure, cerebral emboli, myo- 
cardial infarction, complete heart block, or ventricu- 


lar fibrillation. 


Table 1 Details of the 12 patients who died of endocarditis 





No Age Sex Organism ut blood Presenting valve 
cultures lesion 

1 67 M Culture negauve (Q fever Mitral ncompetence 

serology positive) 

2 7 M Strep faecahs Aortic incompetence 
and mitral 
incompetence 

3 34 F Culture negative Mitral and tncuspid 

(C albicans incompetence 
on tricuspid valve at 
post mortem) 

4 13 M Culture neganve Aoruc incompetence 
(bicuspid sorne 
valve) 

5 4! M Staph albus Aortic incompetence 

6 53 M Culture negative Mitral incompetence 

7 235 F Staph aureus Aortic incompetence 

8 20 F Streptococci of the Aortic mcompetence 

viridans group from a pro! 
sortic valve cusp 
and atrioventricular 
canal from right 
atrium to left 
ventricle 

9 76 M — Streptococci of the Aortic stenosis and 

viridans group aortic incompetence 
10 6l M Staph aureus No valve lenon 
11 51 F Culture negative Mitral stenosis and 
(Si tS faecalis and tricuspid stenosis, 
Staph aureus grown aortic stenosis and 
post mortem) aortic incompetence 
12 63 F Culture negauve Mitral stenosis, 
aortic stenosis and 


aortic incompetence 
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The duration of illness before treatment was 
known in 34 patients: in six it was <1 week, in 10 it 
was 1—4 weeks, in 14 it was 4-12 weeks, and in four 
it was > 12 weeks. Eight patients with Q fever endo- 
carditis were treated for <29 months with oral tet- 
racycline and co-trimoxazole or tetracycline alone.” 
The remaining 32 patients were treated for eight 
days to eight weeks and usually received at least two 
bactericidal antibiotics, depending on the bacte- 
riological sensitivities for the organism isolated. In 
this group all antibiotics were given intravenously 
except for streptomycin which was administered in- 
tramuscularly. The empirical treatment ın those pa- 
tients who were culture negative was two 
bactericidal antibiotics, one with a maximal effect on 
gram negative organisms and the other with a max- 
imal effect on gram positive organisms. These were 
usually benzylpenicillin and an aminoglycoside. One 
patient who was culture negative and who was con- 
sidered to have fungal endocarditis, though this 
could not be proved, had six weeks’ treatment with 
intravenous amphotericin B and oral flucytosine. 

During hospital stay 16 patients (13 male) re- 
quired operation because of haemodynamic deterio- 


Prosthetic valoe n Valve replacement as Necropsy Cause of death 
Situ at presentation emergency procedure 
Starr-Edwards mitral No (poor left No Congestive heart 
ventricular function) failure and renal 
failure 
None Refused No Left ventricular failure 
and renal failure 
Starr-Edwards mitral No Yes Congestive heart 
and tricuspid ure and cardio- 
genic shock (stuck 
tricuspid valve) 
None Yes Yes Left ventricular 
failure and 
myocardial 
infarcnon 
Starr-Edwards aortic Yes Yes Left ventricular failure 
Starr-Edwards mitral Yes Yes Congesnve heart 
failure 
Bjork-Shiley aortic Yes Yes Left ventricular failure 
None No Yes Rupture left 
ventricular wall and 
haemopericardium 
None No Yes Pulmonary embolus 
Starr-Edwards aortic No Yes Left ventricular falure 
and renal faure 
None No Yes Congestive heart 
failure and renal 
falure 
None No Yes Left ventricular failure 
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ration (heart failure). Eleven had native valve lesions 
and five had prosthetic valve endocarditis. Seven of 
the 16 patients had emergency surgery and were 
pyrexial at that time. Four of the seven patients who 
had emergency operation died in hospital (Table 1). 
Only two of the 12 patients who were alive and well 
on discharge after operation required further opera- 
tion. One patient required re-suturing of the mitral 
valve three years later because of a paravalvar leak, 
together with a saphenous vein graft to the left 
anterior descending coronary artery, and the other 
had re-operation two years later when a clotted mi- 
tral Bjork-Shiley valve was replaced with a St Jude’s 
prosthesis, 

Fifteen patients who had congestive heart failure 
at admission did not have operation. Six of these 
died in hospital (Table 1). In two patients operation 
was contraindicated because they had poor left ven- 
tricular function, two had advanced renal failure and 
congestive heart failure, one patient refused surgery, 
and in one patient the tricuspid valve jammed sud- 
denly and death followed rapidly despite attempted 
resuscitation (Table 1). In the remaining nine pa- 
tients atrial fibrillation complicated congestive heart 
failure. Digoxin and diuretic treatment produced a 
dramatic response and all these patients were out of 
heart failure and alive and well on discharge. 

Twelve (30%) patients (seven male, five female) 
died in hospital (Table 1). Seven of them were > 50 
years old, and all deaths took place between five and 
117 days of admission (mean 32 days). Half the 
deaths occurred in patients with prosthetic valves. 
Six patients had endocarditis affecting the aortic 
valve alone, in four it affected at least two valves, and 
in two patients the mitral valve only was involved. 
In 10 patients death was mainly the result of left 
ventricular or congestive heart failure. Six of the 12 
patients who died were culture negative (Table 1). 

Six (35%) of the 17 patients with an aortic valve 
lesion associated with endocarditis died, two (22%) 
of the nine with a mitral valve lesion died, and two 
(18%) of the 11 patients with aortic and mitral le- 
sions died. Both patients with a mitral and tricuspid 
or mitral, tricuspid, and aortic lesion died. The re- 
maining patient, who had a ventricular septal defect 
alone, survived. Two (29%) of the seven patients in 
whom Staph aureus was identified as the causative 
organism from blood cultures died. Six (33%) of the 
18 patients with culture negative endocarditis died. 
However, half the patients in whom no organisms 
(other than those causing Q fever) were cultured 
died. 

Both patients with myocardial infarction, one 
with complete heart block, four patients who devel- 
oped renal failure, and two patients who developed 
ventricular fibrillation before operation all died in 
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hospital. Three of the five patients with prosthetic 
valves whe required operation because of hae- 
modynamic deterioration during hospital stay died. 
Two of the four patients seen and treated more than 
12 weeks from the onset of symptoms died. Both of 
the patients with central nervous system abnormal- 
ities at presentation survived, as did the one in 
whom a transient left hemiparesis developed. 

Twenty eight patients were out of congestive 
heart failure and alive and well on discharge from 
hospital. 


Discussion 


In the days before antibiotic treatment infective en- 
docarditis was always fatal. Nowadays the overall 
mortality is reported to be approximately 30%.3~* 
Nevertheless, in a recent study only 14% of 541 pa- 
tients with infective endocarditis died while in hos- 
pital.© This further fall in mortality is undoubtedly 
related to the use of early appropriate bactericidal/ 
rickettsicidal agents and also to early cardiac valve 
replacement. 

Despite systemic antibiotic treatment and early 
valve replacement the prognosis in patients with in- 
fective endocarditis remains poor, particularly for 
those with congestive heart failure which is now the 
major cause of death. In a recent review of 253 pa- 
tients with infective endocarditis of native valves, 
low cardiac output or severe heart failure developed 
in 82 patients and in hospital mortality was 57%.’ In 
the same series severe preoperative heart failure was 
present in 58 patients who had an in hospital mor- 
tality of 41%. Furthermore, mortality was 62% in 
patients when haemodynamic deterioration oc- 
curred in the 24 hours preceding valve replacement. 
The severity of the heart failure and the time be- 
tween deterioration of the haemodynamic status and 
operation are probably the most important deter- 
minants of outcome. Twelve (30%) patients died in 
this series in which 31 of the 40 patients were clin- 
ically in congestive heart failure at presentation and 
in which 16 patients required operation during the 
acute phase because of haemodynamic deterioration. 

It is widely accepted that there is a higher mor- 
tality among patients with coronary emboli, ar- 
rhythmias, and conduction disturbances associated 
with infective endocarditis. The respective mortality 
rates in one study were 60%, 49%, and 50%.” Also 
those with atrioventricular block, neurological com- 
plications, renal insufficiency, and those with Staph 
aureus endocarditis have been reported to have a 
significantly higher mortality.°~® In this series all 
patients with probable coronary emboli giving rise 
to myocardial infarction (two cases), with complete 
heart block (one case), with renal failure (four cases), 
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and with ventricular fibrillation before operation 
(two cases) died. All three patients with neurological 
complications survived, however, and only two 
(29%) of the seven patients who had Staph aureus 
endocarditis, as identified by blood cultures, died. 

In our study the aortic valve was the most com- 
mon single site of infection (42%). This has been 
found by other workers.° In medically treated pa- 
tients mortality was thought to be higher in those 
with infective endocarditis on the aortic valve. When 
valve replacement is undertaken at an opportune 
time, however, there is no significant difference in 
mortality rate between those with endocarditis of the 
aortic or mitral valves. In this series the mortality 
rate for those with infective endocarditis associated 
with an aortic valve lesion was 35%, for those with a 
mitral lesion it was 22%, and for those with aortic 
and mitral lesion it was 18%. 

The average age of patients in this series was 44 
years; the oldest patient was aged 79 years at diagno- 
sis (Figure). An increasing incidence in the older age 
groups has been noted in other series, and it has 
been suggested that the most important factor ap- 
pears to be the decreasing incidence of rheumatic 
heart disease and the increased longevity of the 
population. 9711 

The ratio of males to females was 23:1 in this 
series. Others have reported a high incidence among 
males.f 1° 12 This increase in men is not related to 
the aetiology of the disease. It has been reported to 
be partly due to the decreasing incidence of rheu- 
matic valvar disease, which tended to be higher in 
women than men, and also to the high incidence of 
congenital aortic valve disease, which is more com- 
mon in males. Male predominance increased as in- 
fective endocarditis became a disease of older 
patients.!? In our series 26 (65%) of the 40 had had 
previous rheumatic heart disease and 17 had pros- 
thetic valves. McNeill et al found that rheumatic 
heart disease accounted for 75% of their patients 
with pre-existing heart disease,'* whereas Schnurr 
et al noted rheumatic heart disease to be a predis- 
posing factor in <25% of their cases. 14 

The risk of endocarditis in an individual with 
valvar heart disease after particular procedures or 


Table2 Frequency of organisms mn patients with mfective 
endocarditis® 7° 





Category % 
Streptococci of the viridans group 40-50% 
Streptococci group D 10-20% 
Staphylococcus aureus 10-15% 
Staphylococcus epidermidis 35-10% 
Gram negative bacilli: 68% 
Other microorganisms 2-5% 
negative 8&-12% 
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illnesses is unknown. It may depend on the age of 
the person, the type of valve lesion, and the type and 
pathogenicity of the causal organism. In our series 
20% of our patients had had recent dental pro- 
cedures, which are known to cause bacteraemia. 
There is a considerable variation in the reported in- 
cidence of dental procedures before infective endo- 
carditis." Bayliss et al reported that 13-7% of their 
cases of infective endocarditis had had dental pro- 
cedures within three months of the onset of their 
illness.* All our patients with Q fever endocarditis 
had been in contact with animal or cattle products. 
In none of our patients was drug addiction a factor 
in the pathogenesis of endocarditis, no patients were 
receiving immunosuppressive drugs, and none had 
had infective endocarditis before. 

The symptoms and signs of infective endocarditis 
were described by Horder in a series of 150 cases in 
1909; they have remained relatively unchanged de- 
spite the availability of antibiotics.'5 Fever is the 
most common sign. The rise in temperature may be 
minimal or absent, however, especially if the patient 
has received antibiotics that eradicate the bacte- 
raemia but not the disease. All our patients had py- 
rexia. Other signs or symptoms in our patients were 
similar to those noted by other workers, though their 
frequency varied considerably. Splenomegaly has 
long been considered to be an important diagnostic 
feature of this disease, but a greater number of our 
patients had hepatomegaly. This was probably due 
to the high incidence of congestive heart failure. 
Lerner and Weinstein have indicated that the 
incidence of clubbing has decreased; they found this 
sign in only 13% of their patients.'® Its frequency 
(32%) in our group resembled that reported by 
Shinebourne er al.’ Twenty two per cent of our 
patients had evidence of emboli, and haematura was 
noted in 70% of our patients, which resembles 
findings reported by other workers.!®'® It has been 
suggested that thrombocytopenia, as a feature of in- 
fective endocarditis, is more frequent in Q fever en- 
docarditis than in bacterial endocarditis. Turck et al 
found thrombocytopenia in 12 of their 16 patients 
with Q fever endocarditis.1® It was present in three 
of our eight patients. In most cases of infective endo- 


Table 3 Organisms tsolated ın prosthetic valve 
endocarditis” 


Category % 

Staphylococci 37% 
Streptococci 20% 
Gram negative organisms 13% 
Fungi 9% 
Mixed infections 21% 
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carditis there is a polyclonal immuno- 
globulinopathy, with high concentrations of IgG, 
IgM, IgA, and rheumatoid factors have been noted 
in 43% to 85% of patients with infective endo- 
carditis. 

Vegetations are detected by ultrasound in 13% to 
78% cases of endocarditis.!? When heart failure fol- 
lows valve destruction, however, large vegetations 
are often seen. Seventy five per cent of the 24 pa- 
tients ın the study who were examined by echo- 
cardiography were positive for this sign. But the 
technique is limited if the duration of symptoms is 
short and in the presence of calcified or prosthetic 
valves (which are echo dense) when identification of 
echoes caused by vegetations is difficult. 

Although the type of organisms giving rise to in- 
fective endocarditis has changed ın the past decade, 
streptococci remain the largest group of organisms 
(Table 2). The incidence of culture negative infec- 
tive endocarditis varies markedly from series to se- 
ties and has been reported to be as low as 3% and as 
high as 64% .7! 2? In recent years the percentage of 
culture negative endocarditis patients has fallen. 
This was thought to be due to improved culture 
techniques. Pesanti and Smith, however, reported 
that patients with infective endocarditis and nega- 
tive blood culrures were twice as likely to have 
clinically evident congestive heart failure and major 
embolic episodes on admission than patients with 
positive blood cultures.?! Also, such patients were 
more likely to be on antibiotic treatment before cul- 
ture. Case selection may also reduce the frequency of 
culture negative infective endocarditis. Pesanti and 
Smith found unusual organisms only occasionally; 
most patients were infected with common or- 
ganisms, or organisms were no longer evident within 
the vegetations.?4 Thus, one group has suggested 
that many cases of culture negative infective endo- 
carditis represent an immunological, rather than an 
infectious disease, that is one which is triggered by 
an infectious agent. The immediate mortality of pa- 
tients with culture negative infective endocarditis 
was higher than that of patients with culture positive 
disease and was comparable to that seen in staphy- 
lococcal or prosthetic valve endocarditis.?! Six 
(33%) patients in our series of 18 with culture nega- 
tive endocarditis died. When those with Q fever en- 
docarditis were excluded, however, five (50%) of 10 
died. 

Table 3 shows the infecting organisms found in a 
reported study of prosthetic valve endocarditis. In 
early prosthetic valve endocarditis, however, the in- 
cidence of staphylococci, gram negative pathogens, 
and fungi has been reported to be significantly 
higher.?* Of 17 cases of late prosthetic valve endo- 
carditis eight (47%) infections were due to strep- 
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tococci, four (24%) to staphylococci, and 5 (29%) to 
mixed infection.?* In another series of late pros- 
thetic valve endocarditis a similar incidence was re- 
ported with 31 causative organisms identified in 29 
cases; 15 (48%) cases were due to streptococci, 11 
(35%) to staphylococci, and five to other species.?* 
In our series of 17 patients with late prosthetic valve 
endocarditis, 14 had causative organisms identified 
by culture cr serology or at necropsy. Six (43%) pa- 
tients had Q fever endocarditis, four (29%) had 
staphylococci, three (21%) had streptococci, and 
one (7%) had C albicans. Aortic prosthetic valve en- 
docarditis is reported to be 1-6 times more common 
than mitral prosthetic valve endocarditis.?* Infec- 
tive endocarditis is more common in multiple valve 
replacement than in isolated valve replacements. 
Seven of the 17 patients in our study with prosthetic 
valve endocarditis had an aortic prosthesis, five had 
a mitral prosthesis, and five had either mitral and 
aortic (four cases) or mitral and tricuspid prostheses 
(one case). The mortality rate for late prosthetic 
valve endocarditis can reach 45% .?° In our series six 
(35%) of 17 patients with prosthetic valves died, but 
three of the five with prosthetic valves in whom hae- 
modynamic deterioration led to a further operation 
while they were in hospital died. Apparently the two 
factors with the greatest influence on the prognosis 
in patients with prosthetic valve endocarditis are the 
infecting organism and the degree of cardiac dys- 
function.7* 
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Sudden death and vigorous exercise—a study of 60 
deaths associated with squash 


ROBIN J NORTHCOTE, CLARE FLANNIGAN, DAVID BALLANTYNE 
From the Department of Medical Cardiology, Victoria Infirmary, Glasgow 


SUMMARY The circumstances surrounding 60 sudden deaths (59 men, one woman) associated 
with squash playing are described. The mean age (SD) of those who died was 46 (10-3) years 
(range 22-66 years). Necropsy reports were available in 51. The certified cause of death was 
coronary artery disease in 51 cases, valvar heart disease in four, cardiac arrhythmia in two cases, 
and hypertrophic cardiomyopathy in one case. There were only two deaths from non-cardiac 
causes. Forty five of those who died had reported prodromal symptoms, the most common of 
which was chest pain, and 22 were known to have had at least one medical condition related to the 
cardiovascular system during life, the most common of which was systemic hypertension (14 
subjects). Those dying from coronary artery disease had a high frequency of risk factors. 

Some of these deaths might have been prevented by appropriate counselling of players after 
prospective medical screening, which would have detected most of the patients with overt cardio- 


vascular disease and some of those with subclinical coronary artery disease. 


The Squash Rackets Association have estimated that 
there may be 2-5 million people in the United King- 
dom playing squash once or more a month. Squash 
is particularly popular with middle aged male execu- 
tives and competitions have recently been expanded 
to include veteran and even vintage groups. There- 
fore a growing number of high risk individuals are 
being exposed to the potential hazards of a phys- 
ically exhausting sport. Most previous investigation 
of sudden death in sport bas concentrated on 
running'~* and track and field sports.4~7 In 1984 
we reported on 30 deaths associated with squash.® 
We have continued to collate information on sudden 
death in squash players and we now have informa- 
tion on 30 additional deaths. 


Subjects and methods 


Because sudden death associated with sport or vigo- 
rous exercise is normally categorised only by medi- 
cal cause of death it ig usually not possible to obtain 
retrospective information on such cases. We were 
able to collate a series of 89 sudden deaths associated 
with squash that occurred between October 1976 
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and February 1984 by examining press reports and 
by a prospective mail survey of sports centres and 
squash clubs throughout the United Kingdom. The 
Squash Rackets Association assisted us with several 
cases, and a few were reported directly to us by wit- 
nesses or by officials of individual squash clubs. In 
60 cases we obtained sufficient information to in- 
vestigate the death in detail. In each of these cases 
the next of kin (usually the spouse) completed a de- 
tailed questionnaire to establish the circumstances 
surrounding the sudden death and the presence of 
premorbid symptoms or risk factors for coronary ar- 
tery disease, as defined by Kannel er al.° Prodromal 
symptoms were defined as any change from usual 
health status considered to be important by the sub- 
ject and reported to relatives or friends within one 
week of death. 1? Next of kin were invited to provide 
a crude assessment of the level of fitness and person- 
ality characteristics of the deceased subject. We 
sought permission to approach witnesses to the 
event and the family physician. In addition if the 
subject had undergone a medical examination for the 
purposes of employment or life insurance we asked 
permission to approach the appropriate authority for 
the results. Necropsy findings (if available) were re- 
viewed and the results of any coroner’s enquiry 
(England) or investigation by a procurator fiscal 
(Scotland) were taken into account. 

Coronary artery disease was diagnosed when there 
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was necropsy evidence of severe or pronounced 
coronary atherosclerosis (as judged by the 
pathologist) or when the lumen was narrowed by 
more than 70% with or without evidence of fresh 
thrombus and in the absence of other abnormalities. 
Pathological evidence of a healed myocardial 
infarction was taken to support a diagnosis of 
coronary artery disease. 


Results 


We identified 60 cases of sudden death associated 
with squash. They all occurred in the United King- 
dom between May 1976 and April 1984. Only one of 
the 60 cases was female and all subjects were white. 
Their mean age (SD) was 46 (103) years (range 
22-66 years). The Figure shows the distribution of 
ages. 

Sudden death has been defined as death occurring 
within 1-24 hours of the onset of symptoms.'!!? In 
this study all subjects collapsed while playing squash 
or within an hour of playing, and all except one died 
within an hour of play. The remaining subject died 
in hospital six hours after playing. With this excep- 
tion the onset of symptoms was rapid, and culmi- 
nated in collapse and unconsciousness. Forty six 
subjects collapsed on the squash court—10 of these 
in the first 10 minutes of play (mean (SD) of 23 (12) 
minutes into play) and 14 collapsed in the first hour 
after play. Nine of these subjects collapsed in the 
first 10 minutes after exercise. Four subjects col- 
lapsed while taking a hot shower. Death was instan- 
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Figure Age distribution of sudden deaths associated uth 
squash. 
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taneous in 59 cases—the remaining subject collapsed 
60 minutes after play, while driving, and died six 
hours later in hospital. Cardiopulmonary resusci- 
tation was attempted in 46 cases, usually by on- 
lookers many of whom were physicians, nurses, or 
first aid personnel, but defibrillation was carried out 
in only one case. 

All the subjects had been playing squash for at 
least one year (mean 12 (9°7) years; range 1-40 
years). In nine subjects we could not accurately de- 
termine the frequency of participation. Of the re- 
mainder, 48 players visited the court on a mean of 
2-3 (1-48) times a week (range 0-25~7 times per 
week) to play squash and they usually played for 
40-60 minutes. One subject had, on medical advice, 
not played squash for five years, another played only 
when on holiday, and one subject (aged 60 years) 
had recently started playing with his son after a 10 
year break after medical advice to retire from the 
game. Sixteen subjects had started to play squash 
when they were over the age of 40, whereas only 17 
had been playing before the age of 30 years. 


CAUSE OF DEATH 

Table 1 summarises the probable causes of death. 
Necropsy reports were available in 51 cases. Coro- 
nary artery disease was confirmed as the cause of 
death in 42 cases in which there was severe or pro- 
nounced stenosis of at least one main coronary ar- 
tery. Although 18 subjects had pathological 
evidence of a healed myocardial infarction, this had 
been diagnosed in only two cases during life. In a 
further two cases, however, there had been clear 
symptoms of prolonged anterior chest pain 10 days 
and four months before death. In both of these cases 
the pathological appearances were compatible with a 
myocardial infarction at these times. 

In 35 cases dying of coronary artery disease a de- 
tailed description of the state of the coronary arteries 
was available from the necropsy report. The left an- 
terior descending coronary artery was the single ar- 
tery most often affected by atherosclerosis. There 
was severe triple vessel disease in 12 cases. Fresh 
thrombus occluded a coronary artery in nine cases. 
In one case (aged 22 years) the left main stem coro- 
nary artery was completely occluded by fresh 
thrombus in the absence of important coronary 
atheroma. 


Table 1 Probable cause of death in 60 squash players 
Cause No 





Coronary artery disease 5 
Valvar heart discase 

Cardiac arrhythmia 

Non-cardiac 

Hypertrophic cardiomyopathy 


Sree N N ae we 


200 


Valvar heart disease that had been diagnosed dur- 
ing life caused death in four cases; none of them had 
been advised against physically exhausting sporting 
activity. At necropsy one subject (aged 26 years) 
with a congenitally stenotic bicuspid aortic valve was 
also found to have concentric left ventricular hyper- 
trophy and irregular thickening of the valve cusps 
and distortion of the commisures. Another subject 
had congenital prolapse of the mitral valve with 
atrial fibrillation during life—this abnormality was 
confirmed at necropsy and was accompanied by pro- 
nounced left ventricular hypertrophy (heart weight 
550 g) in the absence of important coronary artery 
disease. The cause of death was certified as acute 
heart failure, possibly associated with a cardiac ar- 
rhythmia.'* Mitral stenosis resulting in acute heart 
failure was found in the second subject in the ab- 
sence of important coronary artery disease. The 
fourth subject had a calcified aortic valve, resulting 
in severe aortic stenosis, and calcified coronary 
arteries. The certifying pathologist judged that 
the aortic valve lesion was the principal cause of 
death. 

In one subject hypertrophic obstructive cardio- 
myopathy, a disorder known to be associated with 
sudden death during strenuous exercise,!* was 
found in the absence of other abnormalities. His 
family physician was not aware that he had this dis- 
order, and annual medical examinations at work had 
detected no abnormality. In only two cases was 
death the result of non-cardiac causes. One case had 
a night intracranial haemorrhage, and symptoms de- 
veloped 60 minutes after this subject had finished 
playing squash. He died in hospital 6 hours later 
without regaining consciousness. The other subject 
had played squash soon after a heavy meal and at 
necropsy both lungs were found to be collapsed as a 
result of aspiration of stomach contents. There was 
no evidence of heart disease in either case. In two 
cases, no abnormality was found at necropsy and the 
certifying pathologist judged that death in both had 
resulted from a cardiac arrhythmia. This diagnosis 
should ideally be supported by a thorough histo- 
pathological examination of the conduction system 
of the heart.'5 This was carried out in a specialist 
centre in one case, but no abnormality was detected. 
Since both deaths were instantaneous it seems likely 
that the certified cause of death was correct. 

All of the nine cages in which necropsy was not 
performed were certified as having died of coronary 
artery disease. In five cases there were no clearly 
distinguishable features apart from the sudden col- 
lapse to support this diagnosis. Thirty minutes be- 
fore death one subject complained of cardiac pain to 
his physician. Since this was accompanied by sweat- 
ing, coronary artery disease was likely to have been 
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the cause of death. Two subjects had a history of 
previous myocardial infarction and one of these had 
also had documented aortic regurgitation in the 10 
years before death. A further subject had a history of 
angina pectoris one year before death and had im- 
portant ST segment depression on exercise electro- 
cardiography. In each of these nine cases the 
certifying doctor judged that coronary artery disease 
was the cause of death. 


PREMORBID CONDITIONS AND SYMPTOMS 
Forty five subjects had reported at least one pro- 
dromal symptom within one week of their sudden 
death, and 16 subjects had reported more than one 
symptom (Table 2). Only nine were known to have 
consulted their family physician about these symp- 
toms, although a further two had arranged ap- 
pointments with their practitioner. 

Twenty two subjects were known to have had at 
least one medical disorder during life related to the 
cardiovascular system; 14 had hypertension docu- 
mented on two or more occasions. Only two sub- 
jects, however had been on antihypertensive 
medication. Excluding hypertension, 14 subjects 
had medical conditions known to themselves and 
their family physician that were relevant to the car- 
diovascular system (Table 3). 

Of the 51 subjects dying of coronary artery dis- 
ease, 32 had at least one risk factor, 15 had two, and 
five had three or more (Table 4). 


PERCEPTION OF PHYSICAL FITNESS 

Next of kin were requested to assess the physical 
fitness of the deceased in relation to the general pop- 
ulation in five categories ranging from very fit to 
very unfit. No subject was considered to be unfit, 
whereas 32 of the group were considered to be very 
fit, 22 fit, and only six were considered to be of 
average fitness. 


Table 2 Prodromal symptoms 





Symptom No 
Chest pain/angina 15* 
Increasing fatigue 12 
Indigestlon/heart burn/gastromtesunal symptoms 10 
Bxcessive breathlessness 6t 
Ear or neck pain 5 
Vague malaise 5 
Upper respiratory tract infection 4 
ess/ palpitation 3 
Severe headache 2t 
None 5 


*One subject, an international squash player, had recently 
consulted a physician because of chest pain after squash play. 
tOne subject, who ran one mule every morning, was extremely 
breathless on three succesmve mornings before he died, but was not 
deterred from further strenuous exertion 

{Cause of death in one subject was intracranial haemorrhage. 
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Mable 3 Chncal and demographic findings in subjects known to have medical conditions 








Subject Age Years playing Frequency Climcal diagnosis Symptoms Risk factors Cardiac patholagy 
1 52 5 1 ‘Two previous Nocturnal angina Diabetes Healed m 
myocardial infarcuon, R+ LCA 
infarctions, MODM occlusion 
2 69 35 2 THD, previous CABG, General malaise Smoking Healed myocardial 
internal pacemaker infarction, 3-vessel 
disease 
3 26 3 1 Aortic stenosis Flu-hke aymptoms 1 — Bicuspid aoruc valve, 
week concentric LV 
: i hypertrophy 
4 65 35 lst match in 5 Previous myocardial Fatigue Smoking, Not available 
years infarcnon 7 hypertension 
5 44 3 2-4 Angina pectoris S » family 3-vessel disease, 
` history ead occluding 
6 51 25 3-4 Atypical chest pain Chest pam Family history Healed myocardial 
infarction, 3-vessel 
disease 
7 43 2 2 Gastrins Dyspepsia, chest parr, — Myocardial infarction, 
malaise 10 days old, LV 
hypertrophy, 
3-veasel disease 
8 62 30 3 Atrial fibrillation Previous collapse sat — Healed myocardial 
à squash, malaise infarction, 3-vessel 
7 disease 
9 39 10 7 Subarachnoid Smoking LAD occlusion 
haemorrhage 17 yr 
0 54 2 1-2 THD Angina pectoris Smoking, Not available 
hyperlipidaemia 
u 66 Return after 10 1-2 Atrial fibrillanon Dyspnoca Family history Mitral valve prolapse 
year lay-off nutral valve prolapse aay ieee heart 
Š 5 
K2 32 6 1 Previous myocardial ~~ Sm _ 
infarction, aortic yperlipiduemua, 
incompetence Se hypertension 
K3 45 12 34 Mitral stenosis — Famıly history LV hypertrophy, 
severe 
mutral stenosis, 
moderate CHD 
ald 52 4 3 Two previous — Smoking, — 
myocardial hypertenston, 
infarctions, MODM diabetes 


CABG, coronary artery bypass graft; THD, ischaemic heart disease; L, left; LAD, left anterior descending coronary artery, LV, left ventricule; 
RMODM, maturity onset diabetes mellitus, R, right. 


PERSONALITY AND PSYCHOLOGICAL fectionist, 13 were thought to be very aggressive, 


al 


INFLUENCES 
Many players had clearly ignored prodromal symp- 


toms and known medical conditions and had con- ' 


tinued to play squash. Next of kin were asked to 
describe the deceased’s predominant personality 
characteristics. Twelve subjects were considered to 
be competitive, ambitious, hard driving, and per- 


Table 4 Risk factors for coronary heart disease in 51 
subjects dying of coronary heart disease 





two to be very competitive, and one to be obsessive 
about fitness. One subject was described as eccen- 
tric. Only four were thought to be passive. In 27 no 
clearly recognisable traits could be identified. 
Psychological or emotional stress might have con- 
tributed to death in four cases. The most extreme 


„case was that of a man of 26 with a congenitally ste- 


notic aortic valve who collapsed and died on the 
court minutes after breaking his opponent’s jaw. 


OCCUPATION 
Many of the people in this study had professional or 


Rukan Ne executive jobs. Fourteen were company directors, 
Smoking (> 10 cigarettes/day) 25 nine worked in higher education (two university 
peer tens! of carly myocardial infarcuon is professors and seven lecturers), four were civil ser- 
Hypertension 14 vants, one was a physician, four were engineers, and 
Angina/previous myocardial infarction 8 one was a school teacher. The remainder worked in 
A Fypercholestorolaemia 3 various other occupations only two of which would 





be regarded as non-sedentary. 
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Discussion 


These data confirm that coronary artery disease is 
responsible for most cases of sudden death associ- 
ated with vigorous sport. The results in the age 
group of subjects that we studied accord with those 
of other studies that examined sudden death in 
sport.!~* In particular, a recent study of 30 deaths 
in joggers reported a similar frequency of coronary 
artery disease and necropsy evidence of healed or 
acute myocardial infarction.* The authors of this re- 
port also remarked on the high frequency of coro- 
nary artery disease risk factors in their group. 
Another study of nine joggers demonstrated a high 
frequency of premorbid cardiovascular conditions 
(that is previous myocardial infarction, angina, hy- 
pertension, diabetes),'® in keeping with our results, 
and the authors suggested that the deaths might 
have been delayed had the subjects participated in 
less strenuous exercise. Hypertrophic obstructive 
cardiomyopathy may be responsible for about half 
the sudden deaths in a youthful athletic population 
during sport,’ but we identified only one such case 
(aged 38 years). Less common causes of sudden 
death during physical activity have been described, 
including myocarditis!’ and fibromuscular dysplasia 
of the sinus or atrioventricular node artery.'* Such 
abnormalities might be missed during routine nec- 
ropsy examination.’° In two of our cases no gross 
pathological abnormality was found to explain the 
sudden death, in one of these cases a detailed histo- 
pathological examination performed at a special cen- 
tre showed no abnormality. The cause of death in 
these cases is a matter for speculation, although a 
cardiac arrhythmia seems to be the most likely cause 
of death. 

The most frequent pathological lesion was severe 
stenosis of at least one major coronary artery; a fresh 
occlusive thrombus was present in only 18% of 
cases. A recent study of 100 sudden cardiac deaths 
by Davies and Thomas, showed that 44% of cases 
had major fresh thrombus occluding more than 50% 
of the cross sectional area of the coronary vessels.?7° 
In our study the coroner’s routine necropsy may not 
have detected thrombi that would have been found 
by a prospective detailed study of coronary vascu- 
lature. Alternatively, it is possible that coronary ar- 
tery occlusion can occur without thrombus 
formation during vigorous exercise, perhaps as a 
result of coronary artery spasm. 

Sudden cardiac death is usually caused by ventric- 
ular fibrillation or asystole. Such events may be 
more likely during vigorous exercise in subjects with 
coronary artery disease, because oxygen demand 
may outstrip the ability of the coronary arteries to 
supply it. It is also possible that metabolic influences 
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associated with exercise may precipitate or con- 
tribute to an arrhythmia. For example, free fatty 
acid and catecholamine concentrations may rise dur- 
ing exercise?! and this can cause arrhythmias”? and 
arterial thrombosis? especially in the presence of 
coronary artery stenosis.7* These changes, together 
with exercise-induced lactic acidosis,?5 and 
hyperkalemia?* may also help to explain the failure 
of cardiopulmonary resuscitation. In this study we 
were impressed by the large number of cases in 
which cardiopulmonary resuscitation had been at- 
tempted by trained personnel, and, as we have no 
data on survivors, this leads us to suspect an under- 
estimation of the frequency of cardiac events during 
squash. 

We cannot say whether these subjects would have 
survived for longer if they had not exercised so vigo- 
rously. We suspect, however, that myocardial in- 
farction is more likely to cause sudden death when it 
occurs during vigorous exercise. This suggestion is 
supported by the Framingham study?’ and by a 
British report ining the circumstances sur- 
rounding 100 sudden deaths from coronary artery 
disease.?7° Friedman et al found that individuals dy- 
ing instancly, as in this study, were significantly 
more likely to have been engaging in severe or mod- 
erate exertion just before death and usually had 
severe coronary artery disease which precipitated 
cardiac arrhythmias.!? We have previously demon- 
strated that squash is capable of raising heart rate to 
90% of predicted maximum for extended periods 
and of generating important cardiac arrhythmias in a 
young normal population.?® This may indicate that 
squash is an inappropriate sport for those with 
coronary artery disease or other cardiac disease or 
even those whose age puts them at increased risk of 
coronary disease. 

Many individuals in this study with known medi- 
cal conditions continued to play squash. Men in 
middle age seem reluctant to acknowledge that they 
may be in poor physical condition or health. We® 
and others** have noted that sportsmen tend to 
deny physical infirmity and prodromal symptoms. 
In this study 22 subjects had known cardiovascular 
disease and 75% had complained of at least one pro- 
dromal symptom but apparently had not sought 
medical advice. These people may not have recog- 
nised the importance of their symptoms. People 
with recognised cardiovascular disease should be 
warned by their physicians not to take part in vigo- 
rous physically exhausting exercise although more 
gentle exercise may be beneficial. 

In addition to a tendency to ignore prodromal 
symptoms and pre-existing disease at least half of 
the subjects in this series may have been type A per- 
sonalities, and this in itself may have increased their 


at 
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risk of sudden death and the development of coro- 
nary heart disease.*° 3! Acute psychological stress, 
which both Engel’? and Lown*? believe can precip- 
itate lethal cardiac arrhythmias, was present in four: 
cases. The mechanism by which type A behaviour 
contributes to sudden death is unknown. 

Although the risk of sudden death during squash 
is small the number of deaths associated with the 
game is appreciable.: Although this may merely 
reflect the popularity of the game it is just as likely to 
reflect its strenuous and demanding nature, which 
clearly makes it unsuitable for those with cardio- 
vascular disease. The preponderance of men in this 
study may indicate their greater participation in the 
sport at an age when they are at increased risk of 
coronary artery disease. 

It is not our object to condemn squash as a recre- 
ation, rather we aim to draw attention to areas in 
which its safety may be improved and with it the 
enjoyment of playing. We congratulate the Squash 
Rackets Association for forming a medical study 
group in 1980 to monitor the situation and for circu- 
lating a list of precautions to prospective players in _ 
all their affiliated clubs. 

We hope that reports such as this one will increase 
the awareness of both the public and the medical 
profession of the dangers of exhausting exercise in 
unsuitable subjects. 


We thank the Squash Rackets Association, the Cor- 
oners Society (England), and Crown Office (Scot- 
land) for their help in collation of data; and the 
relatives and general practitioners for their cooper- 
ation. The study was supported by a grant from the 
Chest, Heart and Stroke Association. 
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Effect of parasympathetic impairment on the 
haemodynamic response to handgrip in Chagas’s 
heart disease 


JOSE A MARIN-NETO, BENEDITO C MACIEL, LOURENCO GALLOJR, 
LUIZ F JUNQUEIRA JR, DALMO S AMORIM 


From the Cardiac Cathetertsanion Laboratory, Faculdade de Medicina de Ribeirdo Preto, Universidade de Sdo 
Paulo, Brazil : 


SUMMARY Haemodynamic responses to sustained isometric exercise (handgrip at 30% of 
maximum voluntary capacity) were studied in 10 patients with Chagas’s cardiopathy without 
previous or current heart failure. Five of the patients (group 1) had profound impairment of 
parasympathetic control of heart rate. They had no tachycardia in response to intravenous 
administration of atropine and no bradycardia during phase IV of the Valsalva manoeuvre. The 
other five (group 2) showed normal vagal regulation of heart rate, as judged by chronotropic 
responses to these tests. 

The heart rate change (mean (SD)) elicited by the handgrip test was significantly lower in 
group 1 (from 93-0 (14-1) to 95:0 (16°7) beats/min) than in group 2 (from 78-2 (15-8) to 92-8 (18-1) 
beats/min). Pressor responses to handgrip were of similar magnitude (from 91-6 (7-8) to 109-0 
(8-0) mm Hg in group 1 and from 88-6 (11-9) to 106-8 (20-9} mm Hg in group 2). In both groups 
no significant change in stroke index was detected during handgrip. Cardiac index increased 
during handgrip from 4-0 (1:2) to 4-8 (1-3) 1/min/m? in group 2, but there was no significant 
change in group 1 (from 4-9 (0-7) to 4-8 (1-1) 1/min/m?). Changes in calculated systemic vascular 
resistance were significantly higher in group 1 (from 934 (175) to 1176 (383) dyn s cm~ 5) than in 
group 2 (from 1109 (404) to 1112 (424). 

This study shows that parasympathetic impairment adversely influences the haemodynamic 
pattern of response to isometric exercise in patients with Chagas’s heart disease. In such 
conditions, the pressor response to handgrip is predominantly mediated by an increase in 
systemic vascular resistance rather than an increase in cardiac output. 


rise in arterial pressure 18 directly proportional to the 
increase in cardiac output, with no appreciable 
change occurring in calculated systemic vascular 
resistance." 7 

Parasympathetic withdrawal is the efferent 
mechanism responsible for the initial rise in heart 
rate that occurs in response to isometric 
exercise.?7~!' Although it has not been identified in 
some studies,’ !? sympathetic stimulation makes a 
later contribution to the chronotropic response; the 
adrenergic mechanism has been detected as early as 


In normal subjects sustained isometric muscular 
contractions produce significant increases in heart 
rate, cardiac output, and systemic arterial 
pressure.'~5 The increase in cardiac output elicited 
by isometric exercise is dependent upon the 
concomitant chronotropic response, since no 
detectable change in stroke volume is usually seen 
during this kind of effort.! ©? On the other hand, the 
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10 seconds after the beginning of handgrip exercise 
at 75% of maximum voluntary capacity,!! and after 
30 seconds of isometric exercise at 30% of maximum 
voluntary capacity.’ 
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Haemodynamics during handgrip in Chagas’s disease 

Isometric exercise has been used to evaluate the 
chronotropic effects on cardiac grafts!? and for the 
assessment of autonomic disturbances in diseases 
such as hypertension,!* diabetes mellitus,'5~!7 and 
congestive cardiomyopathy.!® No studies, however, 
have been carried out to assess the overall 
haemodynamic consequences of impaired 
cardiovascular responses to isometric exercise in 
diseases in which there is a primary autonomic 
disturbance. 

Chagas’s disease is well known for its unique 
involvement of the cardiac parasympathetic system 
in the absence of myocardial failure.!°~ 75 We have 
evaluated haemodynamic performance during 
isometric exercise in chagasic patients known to 
have parasympathetic impairment of heart rate 
control, and we have compared their responses with 
those of chagasic patients without impaired 
autonomic control. 


Patients and methods 


PATIENTS j 

The study was performed ın 10 selected male 
patients with chronic Chagas’s heart disease, after 
they had given their written consent and the study 
had been approved by the hospital. All had positive 
complement fixation tests and the electro- 
cardiographic changes typical of heart involvement 
in Chagas’s disease. No patient was in heart failure 
or had a history of heart failure. Patients were 
selected on the basis of their response to an 
intravenous injection of atropine (0-04 mg/kg body 
weight) given at the rate of 1 mg/min, while the 
patient was supine. We selected five patients (aged 
19-44, mean 30 years) 1n whom the heart rate did 
not increase after atropine (group 1), and five 
patients (aged 30-46, mean 38) in whom there was 
the expected tachycardia in response to atropine 
(group 2). There was slight cardiomegaly 
(transverse cardiothoracic index 0:51-0:53) in four 
patients in group 1, who also showed clinical signs of 
megaoesophagus or megacolon or both. This kind of 
chagasic involvement of hollow viscera was also 
diagnosed in four patients in group 2. Four patients 
in group 1 and three in group 2 were in class II of the 
New York Heart Association criteria (1973) and the 
others were in class I. All patients were in sinus 
rhythm, and none was on any drugs capable of 
interfering with cardiac function. Clinical 
hypertension was also excluded in every case. 


Methods 


Each patient was first familiarised with the 
calibrated spring-type handgrip dynamometer and 
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the maximum voluntary instantaneous contraction 
of the dominant arm was determined. After local 
anaesthesia, a Cournand 7F cardiac catheter was 
introduced by cutdown into the contralateral basilic 
vein, and advanced under fluoroscopic control to the 
right atrium. A 19 G indwelling Cournand needle 
was placed in the right femoral artery by 
percutaneous puncture under local anaesthesia. 

A standard lead of the electrocardiogram, the 
systemic arterial pressure, and respiratory chest 
motions were continuously monitored and recorded 
in a MR-105 Waters Polygraph. The zero reference 


. level was set in the mid-chest anteroposterior 


position at the third intercostal space for the P23 Gb 
Statham strain-gauge manometer. The respiratory 
cycles were recorded through a pneumograph belt 
connected to a P23 AA Statham strain-gauge that 
was also used for measuring oral pressure during the 
Valsalva manoeuvre. Dilution curves were 
determined by injection of 5 mg of indocyanine 
green dye into the right atrium and continuous 
sampling of arterial blood through a Waters fast 
dynamic response densitometer. Cardiac output was 
determined by the Hamilton method, after 
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Fig. 1 Effect of mtravenous atropine (0-04 mg/kg body 
weight) on resting heart rate of patients with chagasic 
myocarditis. Only group 2 patients showed tachycardia after 
atropimsation (A). (C) control values. p <0 005, Student's 
t test for paired samples. NS, not significant. 
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Table 1 Systennc arterial pressure (systolic and diastolic, 
mm Hg) and heart rate (beats|mm) during baseline and the 
strain and recovery phases of Valsalva manoeuvre in 
chagasic patients with (group 1) and without 
parasympathetic impairment (group 2) 


Martn-Neto, Maciel, Gallo, Junqueira, Amorim 


patients performed a sustained handgrip at 30% of 
maximum voluntary capacity for two minutes. In 
the last half of the exercise period, dilution curves 
were again obtained, and arterial pressure was 
immediately measured. We made certain that 
patients maintained normal respiration during 


SoS nae 2 : exercise, so that inadventent performance of the 
SAP HR SAP HR SAP HR Valsalva manoeuvre was avoided. 
r Heart rate was counted for intervals of 10 seconds 
1 140/70 70 115/77 85 180/95 81 during the recording of dilution curves in the 
2 120/80 114 100 123 160/105 120 . , i 
3 122174 94 98/70 108 180/110 100 baseline and handgrip periods, as well as before, 
4 150/84 90 120/84 110 220/125 105 during, and after the Valsalva manoeuvre. Mean 
Gapa 3 = 110/72 100 172/96 96 systemic arterial pressure (MSAP) was recorded by 
; roe Hi Bee Ms peed 60 electronic damping of pulse contours. Systemic 
115/70 7 190/90 50 vascular resistance (SVR) was derived from the 
8 135/65 107 100/75 125 l 83 ; 
9 arios 81 95/65 114 dte 64 formula—SVR = MSAP x 80/cardiac output. 
10 152/90 84 115/90 120 180/115 78 


SAP, systemic arterial pressure (mm Hg), HR, heart rate 
(beats/mm). 

calibration of the densitometer with known 
concentrations of dye in blood samples of each 
patient. 

The studies were carried out in a 
temperature-regulated room (22-24°C) with the 
patients either fasting or in the postabsorptive state 
after a light meal. 

The experimental protocol started with each 
patient performing a standard Valsalva manoeuvre; 
the oral pressure was raised suddenly to 40 mm Hg 
and kept constant for about 20 seconds. Continuous 
recording of electrocardiogram, systemic blood 
pressure, and oral pressure was obtained before, 
during strain, and 20 seconds after release of the 
strain. 

Five minutes after the end of the standard test 
baseline recordings were obtained and then the 


STATISTICAL ANALYSIS 

Values of variables measured during handgrip were 
compared with baseline values in each group by 
Student’s paired t test. The statistical significance of 
differences in changes evoked by handgrip, between 
the two groups, was assessed by unpaired Student’s 
ttest. P values <0-05 were regarded as significant. 


Results 


CHRONOTROPIC RESPONSES TO ATROPINE 
Fig. 1 shows that in all patients in group 1 heart rate 
did not increase in response to atropine (individual 
changes were —3, —4, +1, —3, and 0 beats/min). 
In group 2 patients atropine induced pronounced 
tachycardia in all cases (individual changes were 
+46, +30, +28, +30, and +24 beats/min). 


Table 2 Haemodynamic variables at rest and during the second minute of isometric exercise in chagasic patients with (group 1) and 
unthout parasympathetic impairment (group 2) 





Case At rest 
HR (beats/min) MSAP (mm Hg) CI {(ljminjm à SVI (mijm?) SYR 
(dyn scm™*) 

Group 1: 

1 75 90 3-9 51-9 1199 

2 114 88 45 410 899 

3 90 90 49 54:5 875 

4 90 105 5-4 60-0 978 

5 96 85 58 60-7 719 
Mean (SD) 93-0 (14 1) 91 6 (7 8) 490 53 6 (8 0) 934 (175) 

6 66 73 2-6 40-0 1221 

7 60 98 43 72-0 1060 

8 100 80 5:2 520 733 

9 84 90 5-1 608 793 

10 81 101 2-8 350 1738 
Mem (SD) 78 2 (15 8) - 88-6 (11 9) 40 (1-2) 52 0 (15-1) 1109 (404) 


*Mean values of variables measured during the second minute of isometric exercise that are mgnificantly (p <0 05) different from those at rest 
Student's ¢ test for paired values). HR, heart rate; MSAP, mean systemic arterial pressure; CI, cardiac index; SVI, stroke volume index; 
, systemic vascular resistance. 





Haemodynamics during handgrip in Chagas’s disease 
HEART RATE AND BLOOD PRESSURE 
RESPONSES DURING THE VALSALVA 
MANOEUVRE 

Table 1 shows that in both groups there was a 
pronounced overshoot in blood pressure after the 
release of the strain. Only patients in group 2, 
however, had a prompt reflex bradycardia occurring 
in the first 20 seconds after the end of the strain. 
Patients in group 1 did not show cardiac slowing 
below baseline heart rate in the first 20 seconds after 
the Valsalva manoeuvre. 


HAEMODYNAMIC RESPONSES TO ISOMETRIC 
EXERCISE 

Table 2 shows that handgrip at 30% of maximal 
voluntary capacity induced a significant increase in 
mean (SD) heart rate in group 2 only (from 78-2 
(15-8) to 92-8 (18-1) beats/minute (+ 187%, 
p<0-05)). There was a simular increase in systemic 
arterial pressure in both groups (from 91-6 (7-8) to 
109-0 (8:0) mm Hg (+ 19-0%, p<0-001) in group 1 
and from 88-6 (11-9) to 106-8 (20-9) mm Hg (+ 
20-5%, p<0-05) in group 2). 

In group 1 there was no significant change in the 
mean cardiac index. In group 2 cardiac index rose 
from 40 (1:2) to 4-8 (1:3) I/min/m? (+ 20-0%, 
p<0-005). No significant changes in stroke volume 
index were found in either group. In contrast, the 
calculated systemic vascular resistance was higher 
during handgrip than at baseline in group 1 (from 
934 (175) to 1176 (383) dyn s cm™5) (+ 25-9%, 
p <0-025) but not in group 2. 

Fig. 2 shows the changes in heart rate, systemic 
arterial pressure, cardiac index, and systemic 
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Fig.2 Changes in heart rate (AHR), mean systennc 
arterial pressure (ASAP), cardiac index (ACI), and 
systermc vascular resistance (ASVR) evoked by handgrip at 
30% of maxımal voluntary capacity sn chagasic patients 
with (circles) and unthout parasympathetic impairment 
(triangles). Statistical significance was assessed by Student’s 
t test for unpatred samples. 


(p<0-05) increases in heart rate and cardiac index 
than patients in group 1. Increases of mean blood 
pressure were similar in both groups, whereas 
changes in systemic vascular resistance were 
significantly higher in group 1 (p<0-05). 


Discussion 


These results clearly show that there is a distinctive 
pattern of haemodynamic responses to handgrip at 
30% of maximum voluntary capacity in chagasic 
patients in whom parasympathetic modulation of 
heart rate is absent (group 1). In these patients the 
pressor response to isometric exercise is mediated by 
an increase in systemic vascular resistance. In 


vascular resistance that were elicited by handgrip. contrast, chagasic patients with intact 
Group 2 patients showed significantly greater arasympathetic control (group 2) showed 
P p 
Di an at 
HR (beats/min) MSAP (mm Hg) CI (ljmmn]m?) SVI (mijm?) SVR (dyn s om” 4) 
10 29 40-2 1845 
150 ito 50 41-7 1011 
94 108 49 525 1050 
94 122 56 59:6 1097 
94 102 57 619 878 
95-0 167) 109-0 (8 0)* 48(11) 512 (100) 1176 (383) 
6 84 31 413 1178 
7 115 5-1 703 1049 
110 95 63 57:3 718 
96 102 56 58 4 819 
110 138 3-7 320 1798 
92 8 (18:1)* 106 8 (20-9)* 48 (13)* 51 9 (15-2) 1112 (424) 





208 


haemodynamic responses that were simular to those 
described in normal subjects??°?? in whom the 
pressor response 1s mediated by increase in cardiac 
output. 

We found that the haemodynamic response in 
chagasic patients with impairment of the 
parasympathetic influences on the sinus node was 
substantially different from that seen in normal 
volunteers in whom the response was blocked with 
atropine. The normal volunteers maintamed 
increases in cardiac output and arterial pressures.’ 
Although the body position and the magnitude of 
isometric exercise (30% of maximum voluntary 
capacity) were the same in both studies, Martin er al 
measured haemodynamics in the third minute of 
handgrip rather than in the second minute as we did 
in this study. It has been suggested that the heart 
rate and the cardiac output may not stabilise 
completely when the isometric exercise is performed 
at higher levels of muscle tension,! °? Furthermore, 
Martin et al gave fixed doses of 2-0 mg of atropine to 
their subjects, a dose that in some individuals might 
have been well below the 0-04 mg/kg body weight 
recommended for effective blockade of the 
parasympathetic system.?? 9° These differences may 
explain why after atropine Martin et al found that 
their normal volunteers still had a substantial mean 
heart rate increase of 12 beats/minute and an average 
increase of 650 ml in cardiac output.’ Apart from the 
fact that short term pharmacological blockade may 
not entirely reproduce the effects of chronic 
interruption of vagal efferents that is seen in 
Chagas’s disease, parasympathetic withdrawal may 
have contributed to the chronotropic responses to 
handgrip seen in the subjects studied by Martin et 
al.’ As a consequence, the pressor response still 
made an important contribution to the increase in 
cardiac output. Nevertheless, as in our group 1 of 
chagasic patients, the systemic vascular resistance 
increased in 10 of 12 normal subjects who performed 
handgrip after administration of atropine.’ 

Chagasic patients in group 1 undoubtedly had no 
parasympathetic regulation of sinus node function. 
Not only was heart rate reflexly unresponsive to an 
increase of blood pressure after the performance of 
the Valsalva manoeuvre, but there was also no 
resting vagal tonus acting upon the sinus node, as 
was demonstrated by the lack of chronotropic 
changes after atropine. Therefore, it is conceivable 
that parasympathetic impairment, which is the 
hallmark of cardiac autonomic disturbances in 
Chagas’s disease both in anatomical®!~*? and 
functional terms,!9~?5** was responsible for the 
abnormal cardiovascular response to isometric 
exercise. Whether there is concomitant impairment 
of sympathetic system mediated control of heart rate 
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in chagasic patients is debatable. In some studies in 
which the response to passive postural stimulation 
was studied adrenergic control of heart rate was 
shown to te deficient,” 7° but other results derived 
from tests that elicit higher degrees of stimulation 
such as dynamic exercise?! 35 militate against this 
possibility. The findings of the present work do not 
exclude impairment of the sympathetic control of 
the sinus node as a minor contributory factor to the 
abnormal haemodynamic responses to handgrip 
seen in group 1. Unaltered pressor responses to 
handgrip were seen after propranolol’ >*; however, 
no change in cardiac output was seen, and the 
pressure rise depended upon an increase in systemic 
vascular resistance. On the other hand our findings 
confirm the normal sympathetic control of vascular 
tone in chagasic patients, as already shown in 
previous studies.?° 22 23 

Having showed that in some chagasic patients an 
increase of systemic vascular resistance rather than 
an increase in cardiac output mediates blood 
pressure rise during isometric exercise, it is 
interesting to speculate about the functional 
consequences of such haemodynamic alterations. 
Because isometric exercise is common during daily 
active life, these patients must face frequent 
afterload challenges that do not arise when 
chronotropic responses are normal. The situation 
resembles that in untreated hypertensive 
patients.'+3”’ Our patients had neither systemic 
hypertension nor demonstrable clinical reduction in 
myocardial reserve. As the disease progresses, 
however, left ventricular function may become 
abnormal in chagasic patients. Studies in ischaemic 
heart disease,2°?73® and in other myocardial 
diseases,?® 27 38 39 show that although the heart rate 
response is umpaired the pressor response to 
isometric exercise may even be potentiated when 
there is left ventricular dysfunction. Moreover, 
isometric exercise has been recently shown to 
disclose abnormal left ventricular function in 
chagasic patients with otherwise normal 
performance at rest.*° Therefore, it seems 
reasonable to conclude that chagasic patients with 
impaired parasympathetic responses have less 
effective left ventricular ejection during their 
customary activities than do individuals who are 
capable of normal heart rate responses to isometric 
exercise. Such functional abnormalities could 
increase the chronic stresses umposed on left 
ventricular performance. No demonstrable 
correlation has been shown between autonomic 
impairment and myocardial depression in Chagas’s 
disease, and a prospective follow up study is now 
underway in our laboratory to evaluate the effect of 
autonomic disturbances on the development of 
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ventricular dysfunction and outcome in patients 
with Chagas’s heart disease. 


This research was partly supported by grants of the 
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Radiation of anginal pain to the legs 


MILTIADES T KOLETTIS, CHARALAMBOS K KALOGEROPOULOS, 
GEORGE C TZANNETIS, SPYROS K VITAKIS, PETROS P XAPLANTERIS, 


IOANNIS A NOVAS 


From the Department of Cardiology, First Social Security Hospital, Athens, Greece - 


SUMMARY Pain radiated from the chest to one or both legs (17 cases), or from the legs to the chest 
(two cases) in 19 patients with angina or acute myocardial infarction. The leg pain was assumed 
to be related to the angina pectoris when both were of a similar character and occurred together, 
when the leg pain occurred at rest, and when there were normal peripheral pulses in the leg. Pain 
was felt in the left leg by 10 patients, the right leg by two patients, and in both legs by seven. Three 
patients experienced pain in the thigh(s), six in the shin(s), and 10 had pain in both. In six patients 
the pain extended down to the inner two to four toes. The pain was always felt in front of the legs. 
This distribution accords with the suggestion that some sensory cardiac nerve fibres occur in the 
lumbar sympathetic ganglia and that pain is projected into the corresponding dermatomes. 


Despite improved diagnostic techniques, a history of 
angina is important in the diagnosis of ischaemic 
heart disease.'~? A knowledge of the variations of 
anginal pain, including uncommon ones, will avoid 
errors in the diagnosis of a common disease. 

We noticed that angina can extend to the legs in 
some patients with ischaemic heart disease. 


Patients and methods 


In 19 patients with ischaemic heart disease (16 men 
and three women, aged 27-73) angina was felt not 
only in the chest but also in one or both legs. We 
assumed that the pain in the legs was an extension of 
the cardiac pain when (a) ıt was associated with chest 
pain due to typical angina or acute myocardial in- 
farction or both; (b) the diagnosis of angina was sup- 
ported by electrocardiographic criteria at rest or 
during an exercise test or both; (c) there was pain ın 
one or both legs which resembled the chest pain and 
occurred at the same time; (d) rest angina or acute 
myocardial infarction or both occurred with similar 
extension of the chest pain to the legs at some stage 
of the disease; and (e) normal arterial pulses were 
present in the legs. The last two criteria were in- 
cluded to exclude coincidental intermittent claudica- 
tion occurring with anginal chest pain during effort. 
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Results 


All 19 patients had typical ischaemic chest pain. In 
15 patients there was effort angina with chest pain of 
typical quality and distribution, and in 13 of these 
there were electrocardiographic changes indicating 
ischaemia during rest or during an exercise test or 
both. In eight of these patients coronary angiograms 
showed important coronary stenosis. The two pa- 
tients with a normal resting electrocardiogram with- 
out (one case) or with doubtful (one case) exercise 
test both had positive coronary angiograms. All 15 
patients also felt pain in one or both legs which 
passed off a few minutes after stopping physical 
effort or after taking sublingual glyceryl trinitrate or 
after both. Chest pain and leg pain or numbness 
resolved simultaneously. At some time these patients 
had also had chest pain at rest with radiation of pain 
to the legs. Seven patients had unstable angina and 
others had sporadic attacks of rest angina which oc- 
curred spontaneously (six cases) or during par- 
oxysmal supraventricular tachycardia (one case) or 
during an attack of acute myocardial infarction (six 
cases). 

The remaining four patients had no effort angina. 
One of them was a 27 year old man who had a con- 
strictive pain across the chest, which radiated to both 
arms and the jaw; at the same time he had similar 
pain along the front of the right thigh and shin. Pain 
coincided with attacks of paroxysmal supra- 
ventricular tachycardia and was relieved immedi- 
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Table Angiographic findings in patients with radiation of 
angina to the legs 


No of patients 

Coronary angiography: 

Three vessel disease 4 

Two vessel disease 4 

One vessel disease (proximal LAD) 1 
Aortography: 

Normal vessels 8 

Manor stenosis in the femoral artery 1 





LAD, left anterior descending 


ately the tachycardia ended. The second patient was 
a 42 year old man who had severe constrictive pain 
in the upper surface and three or four inner toes of 
the right foot, which spread up to the right inguinal 
area and hypogastrium, and then extended widely 
across the chest. The next day the pain recurred but 
this time it started in both feet. The electro- 
cardiogram showed T wave inversion in the inferior 
leads. The next morning the electrocardiogram 
showed a typical Wolff-Parkinson-White pattern 
which has persisted and has masked the evolution of 
other electrocardiographic changes. Estimation of 
cardiac enzymes suggested an evolving acute myo- 
cardial infarction. The third patient had had two 
episodes of acute myocardial ischaemia at rest six 
years before and an acute myocardial infarction one 
month before admission; during all three attacks 
there was extension of the chest pain to the left thigh. 
The fourth and last patient had had an inferior wall 
infarction in 1982 and five attacks of typical though 
prolonged angina pectoris occurring at rest during 
the past three months. Both during acute myocardial 
infarction and rest angina, the pain was felt in the left 
shin from below the knee to the four innermost toes. 

Ten of the 19 patients had coronary angiography, 
and in all it showed important coronary artery dis- 
ease (Table). 

Pain spread to the left leg in 10 patients, the right 
leg in two patients, and to both legs in seven cases. 
In all cases it affected the front of the legs. The pain 
affected the thigh(s) in three patients; the shins in 
six; both in ten, and in one patient it was more widely 
distributed. In two cases pain spread from the legs to 
the chest. In six it extended to the feet and to two to 
four of the inner toes. 

In all 19 cases the peripheral pulses in the legs 
were normal. Aortography was carried out in nine 
patients (Table) and was normal in eight, while in 
one there was slight narrowing (40%) of the right 
deep femoral artery. The arteries of the left leg in 
which the pain was felt were normal. 
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Discussion 


The chest is the classic site of angina and such pain 
often extends to the upper half of the body, particu- 
larly the arms and forearms, the neck, the jaw, and 
the interscapular areas.‘ * $ Its extension to the lower 
half of the body, particularly to the legs, is not so well 
recognised. Textbooks*~7 and review articles? ê in- 
dicate that angina rarely if ever extends below the 
epigastrium. Extension of angina to the legs in two 
out of 160 patients was reported by McKenzie in 
1923.9 We believe that this radiation of the pain is 
considerably more common than the few reported 
cases indicate. 

We report 19 cases of chest pain due to angina or 
acute myocardial infarction or both in which pain 
was also felt in the legs. The possibility that pain in 
the legs was caused by coexistent intermittent clau- 
dication was excluded by the presence of normal 
peripheral arterial pulses in the legs and the occur- 
rence of the pain in the legs during rest angina or 
acute myocardial infarction. 

In these patients angina spread to the thighs, the 
shins, or both and in some cases also extended to the 
feet including the inner two to four toes, but not the 
small toe. The pain was more common in the left leg. 
Both legs were affected in some cases. In general 
angina radiated from the chest to the legs but in two 
patients it spread from the legs to the chest. The pain 
was felt in the front of the legs whereas the pain of 
intermittent claudication is felt mainly in the backs 
of the legs. Anterior tibial compartment syndrome, 
which is caused by muscle oedema and tension of the 
fascia tibialis, produces pain resembling angina at 
the front and sides of the shin'®'! and the occur- 
rence of pain ın the thigh or foot excludes this syn- 
drome. Even when the angina is limited to the tibial 
area, anterior tibial compartment syndrome, which 
predominantly affects very young people, is highly 
unlikely to be found coincidentally in a patient with 
typical angina pectoris and such a diagnosis would 
certainly be excluded when there is also angina pec- 
toris at rest, as was the case in all of our patients. 

The mechanism of extension of angina to the legs 
could be the result of some sensory cardiac nerves 
being present in the lower sympathetic ganglia, 
rather than being restricted to the seventh and eighth 
cervical and the first four or five thoracic sym- 
pathetic ganglia,*+® +? and the consequent projection 
of angina to the corresponding dermatomes. The 
extension of the pain to the front of the legs and the 
four inner toes is compatible with the presence of 
sensory cardiac nervous fibres in the lumbar sym- 
pathetic ganglia, whereas the backs of the legs and 
the small toe are innervated by the sacral sym- 
pathetic genglia. 1? 
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Case reports 


Cardiac tamponade in a case of meningococcal 


meningitis 


PAUL GUERET, MAURICE BUCHALTER 


From the Cardiology Department, Royal City of Dublin Hospital, Dublin, Ireland 


SUMMARY A 17 year old girl developed cardiac tamponade during the course of a meningococcal 
meningeal illness. Pericardiotomy was eventually required to alleviate the tamponade. 


Case report 


The patient, a 17 year old girl, presented to another 
institution with a 36 hour history of headache and 
vomiting. On admission she was pyrexial and had 
pronounced photophobia and neck stiffness. Cardiac 
auscultation was normal. The clinical diagnosis of 
meningitis was confirmed when a lumbar puncture 
yielded cloudy cerebrospinal fluid containing no glu- 
cose, protein > 200 mg/dl, white cell count > 12000 
cells/ml. Staining showed gram negative intra- 
cellular diplococci, and culture confirmed the 
growth of Neisseria meningitidis. 

Treatment with intravenous benzyl penicillin, one 
megaunit hourly, was started. The next day she be- 
came tachypnoeic and later complained of pleuritic 
chest pain. Auscultation showed a pleuropericardial 
rub. Electrocardiogram showed changes consistent 
with pericarditis. Echocardiography one day later 
showed a moderately large pericardial effusion with- 
out evidence of tamponade. White cell count was 
14300 x 10°/lof which 90°% were polymorphs. She 
was transferred to our unit for specialist care. 

Forty eight hours after transfer her condition de- 
teriorated and pronounced respiratory distress de- 
veloped. Echocardiography showed enlargement of 
the pericardial effusion with tamponade, as demon- 
strated by right ventricular outflow tract collapse 
during diastole. 

Pericardiocentesis produced 200ml of turbid 
straw coloured fluid, containing abundant white 
cells, 50% of which were polymorphs and 50% lym- 
phocytes. The fluid contained 100 mg/dl of protein. 
Gram stain and culture were negative. The patient 
improved considerably but only transiently. Thirty 
six hours later echocardiography again showed tam- 
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ponade, but on this occasion a large solid element 
could be seen impinging on the right ventricle 
(Figure). This was presumed to be thrombus 
secondary to aspiration trauma. The patient’s condi- 
tion deteriorated and white cell count was 23000 x 
10°/1. 

A further pericardiocentesis was attempted, but it 
was impossible to aspirate sufficient fluid to alleviate 
the tamponade. In consultation with the cardiac 
surgeon pericardiotomy was deemed to be necessary. 

At operation several very large fibrin clots were 
noted, compressing the right and left ventricles. 
More than 400 ml of sterile cloudy fluid was removed 
from a very fibrinous pericardial sac. The volume of 
the fibrin clots was estimated to be > 100 ml. 

Postoperative recovery was uneventful and the pa- 
tient was discharged two weeks later. There was no 
further complication at a follow up at four months. 





Figure Echocardiograph in parasternal short axis view 
showing large fibrin clot in pericardial effusion. LV, left 
ventricle; PE, pericardial effusion; FC, fibrin clot. 
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Cardiac tamponade in a case of meningococcal meningitis 


Discussion 


Pericarditis complicating meningococcal infection 
has been well described. The reported incidence var- 
ies from <1%,'? to 4-6%,,° to as much as 19%,*° 
depending on the various criteria used. Cardiac tam- 
ponade as a complication of primary meningococcal 
pericardial infection is also well described, but re- 
view of published reports showed only five cases of 
tamponade caused by primary meningeal infec- 
tion? 467 

The effusion is commonly believed to be second- 
ary to bacterial seeding of the pericardium. Herrick 
in 1918 who described 12 cases of pericarditis sec- 
ondary to meningococcal meningitis found at least 
two cases with positive gram stain in the pericardial 
aspirate; indeed one of these cases had tamponade as 
well.? Morse et al, however, believe that the effusion 
is likely to be secondary to an immunological hyper- 
sensitivity reaction.* 

In our case, in view of the rapid onset of the 
effusion, the large number of white cells in the aspi- 
rate, and the fibrinous nature of the effusion and 
pericardium, we feel that bacterial seeding is likely to 
be the cause of the effusion. 

Of the five previously described cases, one was not 
diagnosed until after death,’ the others were all 
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treated by pericardiocentesis, and two cases were 
also given steroids.” The presence of fibrin clots 
and the failure of pericardiocentesis in our case led us 
to surgery. We believe this to be the first reported 
case of tamponade secondary to meningeal meningo- 
coccal infection that has required pericardiotomy. 
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Late pericardial tamponade and coronary 
arteriovenous fistula after trauma 


ROBIN MARTIN, ANDREW MITCHELL, NAZIR DHALLA 
Fram the Department of Cardiology and Cardiothoracic Surgery, Harefield Hospital, Middlesex 


SUMMARY A 48 year old man presented with cardiac tamponade six weeks after an apparently 
minor penetrating chest injury. Thoracotomy showed a haemopericardium with no actively 
bleeding vessel. Re-investigation eleven months later, prompted by persistent chest pain, showed 
the presence of a fistula between the second diagonal of the left anterior descending coronary 


artery and a cardiac vein. 


Case report 


A 48 year old man presented to another hospital hav- 
ing collapsed at home. He had been experiencing 
infrequent episodes of central and left sided anterior 
chest pain at rest for two years. In the week before 
admission the pain increased in frequency and 
severity and this culminated in a prolonged episode 
associated with loss of consciousness. There was no 
history of hypertension or serious illness. When he 
was first examined he was semiconscious, pale, and 
cyanosed (pulse of 120 beats per minute, blood pres- 
sure of 80/50 mm Hg). Venous pressure was raised 
and a fourth heart sound was heard. He was trans- 
ferred to our hospital with a clinical diagnosis of 
possible aortic dissection and his clinical condition 
was unchanged on arrival at Harefield Hospital. The 
central venous pressure was 19 cm of water above 
the mid-axillary line and all peripheral arterial 
pulses were present and of equal strength. He had a 
small puncture mark on the anterior surface of the 
chest in the fifth intercostal space 2 cm medial to the 
mid-clavicular line. 

An electrocardiogram showed sinus rhythm with 
flattening of the anterior T wave. A chest radiograph 
showed moderate cardiomegaly and a small left 
pleural effusion. A cross sectional echocardiogram 
showed a pericardial effusion with no features to 
suggest cardiac tamponade, but cardiac cath- 
eterisation showed cardiac tamponade. The right 
and left ventricular minimum diastolic pressures 
were 10 mm Hg with an end diastolic pressure of 18 
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mm Hg and had a characteristic dip and plateau pat- 
tern. Pulmonary and aortic angiography excluded 
major embolism and dissection. Coronary angio- 
grams were not obtained at this examination. 

Pure blood was obtained by pericardial aspiration 
and at left thoracotomy a small haematoma on the 
anterior surface of the left ventricle and hae- 
mopericardium were noted with no evidence of ac- 
tive bleeding. No other abnormality was found. An 
operation was performed to produce a pericardial 
window. 

After operation he gave a clear history of a 
penetrating chest injury. Six weeks before admission 
while he was using a circular saw to cut floor boards 
he fractured a steel nail and a 3 cm fragment pene- 
trated his chest. He removed the fragment and 
suffered some sharp chest pain but was soon able to 
continue working. 

At follow up he continued to have episodic left 
sided chest pains at rest. The only new finding on 
examination was a quiet apical ejection murmur, 
Cardiac catheterisation excluded recurrent tam- 
ponade and constriction, but left ventricular angio- 
graphy showed mild apical hypokinesia. 

Selective coronary arteriograms showed two 
fistulous connections, one between the second diag- 


‘onal branch of the left anterior descending coro- 


nary artery and a branch of the great cardiac vein 
(Fig. 1) and a second filling a small vessel within the 
lung (Fig. 2). Exercise testing and thallium scanning 
excluded cardiac ischaemia but did identify a small 
resting anterolateral perfusion defect. 


Discussion 


This case illustrates the combination of two rare 
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Fig.l Left coronary arteriograms (a) in the right anterior oblique projection and (b) in the left anterior oblique projection 
The fistula (F) can be seen arising from the second diagonal branch of the left anterior descending coronary artery 





LAD 


with early opacification of the great cardiac vein (GCV ) and coronary sinus (CS). C, circumflex branch. 


complications of penetrating injury of the chest. 
Pericardial tamponade is a relatively common fea- 
ture of such injuries but usually presents very early 
after trauma.' ? Delayed tamponade is much less fre- 
quent and has usually been described after 
surgery’* and rarely after trauma.’ The latent 
period of six weeks before the onset of tamponade is 
longer than previously described after trauma but 
similar to that found after operation (usually as part 





Fig. 2 Left coronary arteriogram in the left anterior oblique 
projection showing filling of a pulmonary vessel (PV). 


of the postpericardiotomy syndrome). The second 
feature in this case is the development of a coronary 
arteriovenous fistula. Fistula formation is rare after 
trauma and generally affects a coronary vessel and 
right ventricle or right atrium. We found only two 
published reports of coronary arteriovenous 
fistulas.’ è Since selective coronary angiography was 
not performed before the exploration of the peri- 
cardium it is not possible to define the precise 
relation between the development of the fistula and 
intrapericardial bleeding. The development of a 
coronary artery to intrapulmonary fistula may follow 
the removal of pericardium in the region of the ante- 
rior descending artery, but in this case the fistula is 
more likely be related to the original injury, in view 
of the haematoma observed at thoracotomy 

It has been suggested that coronary arteriovenous 
fistulas should be closed surgically.° In our case the 
degree of shunting is small, the chest pain is not typ- 
ically cardiac, and there is no objective evidence of 
exercise induced ischaemia. A coronary steal could 
theoretically arise, but this appeared unlikely be- 
cause of the degree of shunting observed angio- 
graphically. Consequently the fistula has not been 
closed at this stage; there has been no evidence of 
further cardiac complications or bleeding during 15 
months of follow up. 


We thank Mr Alun Rees for performing the 
thoracotomy and for allowing us to report on this 
patient. 
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Improvement in angina pectoris with alpha 


adrenoceptor blockade 


Sir, 

Collins and Sheridan (1985; 53: 488-92) reported 
that compared with placebo treatment the alpha 
blocker indoramin (given three times a day) 
improved exercise tolerance and increased oxygen 
consumption during exercise in patients with stable 
angina pectoris. These results are different from 
those reported by us.’ We studied patients with sta- 
ble angina pectoris who were not taking any other 
antianginal drugs. In a randomised crossover study 
we compared the effects of single doses of 50 and 75 
mg indoramin with those of placebo. Exercise time 
to the onset of angina in seconds before and after 
placebo and hefore and after 50 and 75 mg of 
indoramin are shown in the table (mean.(SEM)):- 


Placebo 


Indoramin Indoramin 
(50 mg) (75 mg) 
Control 279 (53) 233 (43) 267 (52) 
1h post 283 (49) 313 (56) 347 (55) 
4h post 347 (67) 302 (47) 341 (55) 


Thus, in contrast to the results obtained by 
Collins and Sheridan, we could not demonstrate any 
improvement in exercise performance at either of 
the doses of indoramin. 

It is possible that the results obtained by Collins 
and Sheridan are different from ours because their 
patients were taking other antianginal agents—such 
as vasodilators—es well as beta blockers. Also we 
studied patients after single oral doses whereas 
Collins and Sheridan gave indoramin three times a 
day. 

Therefore, in view of these two different reports I 
feel that the effect of indoramin as a single agent 
should be evaluated during sustained treatment in 
patients with exertional angina. 


Reference 


1 Thadani U, Parker JO. Evaluation of alpha blocker— 
indoramin in angina [Abstract]. Cin Pharmacol Ther 
1983; 33: 211. 


This letter was shown to the authors, who reply as 
follows: 

Sir, 

We have difficulty in accepting that the failure of 
Thadani and Parker to find an improvement in exer- 
cise performance with indoramin (based on the 
results presented in their comments to this journal 
and in the abstract cited!), necessarily represents the 
demonstration of a different response to that 
reported by ourselves (1985; 53: 488-92). This is 
because there are serious problems in the design of 
their study that could readily mask an improvement 
in response to the drug. For example there appears 
to have been an appreciable training effect (as indi- 
cated by the data obtained in their placebo group) 
and each subject received only one dose of 
indoramin, which, given its high first pass clear- 
ance,” is unsuitable for this type of study. We 
believe that with such difficulties a study based on 
nine patients is almost certainly inadequate. Fur- 
thermore, the exercise durations they observed at 
one hour after treatment appear to have increased 
approximately 30% after active treatment, com- 
pared with 1% after placebo treatment, based on the 
means presented. For these reasons, we believe that 
an interpretation of their results as indicating a 
negative response to the drug could well be mis- 
leading. 

In our paper we emphasised the importance of 
interpreting our results only in relation to patients 
already receiving beta blockade or nitrates and we 
agree that a careful study of a single agent with alpha 
adrenoceptor blockade in patients with chronic sta- 
ble angina would be of interest. 


Udho Thadani, 

Cardiovascular Section, Peter Collins, 

Department of Medicine, Desmond Sheridan, 
University of Oklahoma, Department of Cardiology, 
Oklahoma City, St Mary’s Hospital, 
Oklahoma 73190, Hre Praed Street, 

USA. cae) tarua London. 2A NY. 
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Coronary angioplasty—what can we reasonably 


expect? 


G D G OAKLEY 


From the Department of Cardiology, Northern General Hospital, Sheffield 


Coronary angioplasty has proved to be an effective 
alternative to coronary surgery for the treatment of 
angina in selected patients. Many of the first patients 
to receive this treatment in the United Kingdom six 
years ago remain symptom free. Coronary angio- 
plasty was established as a new and valuable method 
of treatment by the pioneering work of Dr Andreas 
Gruentzig. His death in a flying accident has robbed 
angioplasty of its acknowledged leader. 

As with many new methods of treatment, coro- 
nary angioplasty was initially greeted with scep- 
ticism and was then embraced with great enthusi- 
asm. The indications were expanded from single 
vessel to multiple vessel disease; from one proximal 
lesion to- more than one lesion per vessel; from 
patients with recent onset of stable symptoms to 
those with unstable angina and those with longer 
histories; and from concentric stenoses to eccentric 
lesions, calcified lesions, and occlusions. These 
advances have been the result of increased operator 
skill and experience and of technical improvements 
in the equipment. Some workers have felt capable of 
tackling up to eight stenoses with apparently suc- 
cessful results.! 

Amid all this excitement two recent papers have 
drawn attention to the complications of this pro- 
cedure. Shiu eral reported an occlusion rate of 8% 
in 240 procedures from three centres.? A high pro- 
portion of these patients were women. Attempts to 
redilate were often successful (six out of ten 
attempts) and redilatation was a safe procedure if the 
steerable wire had been left in place across the 
lesion. Because this process does not take too long, it 
can be tried in an emergency while preparations for 
cardiac surgery are under way. On page 223 Norell 
etal report their early experience at the London 
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Chest Hospital in 69 patients.* These workers must 
be congratulated on the speed and efficiency with 
which emergency surgery was started after failure of 
angioplasty. All but one of their complicated cases 
survived with symptomatic improvement and only 
one third of those patients with occlusions sub- 
sequently had an infarct. An overall failure rate of 
27% with an occlusion rate of 19%, however, must 
have been disappointing and Norell and coworkers 
speculate on the reasons for this. 

Coronary angioplasty 1s a technically demanding 
procedure in which there is a thin line between suc- 
cess and failure. The figures in the National Heart, 
Lung and Blood Institute register clearly show that 
at all centres there is a learning curve during which 
procedure-related complications and failure to dilate 
the lesion decrease.* The London Chest group 
included “three individuals who were becoming 
experienced” and the total number of procedures 
(69) was not great, so in this series none of the oper- 
ators was likely to have a large experience of angio- 
plasty. It 1s not clear whether these procedures were 
undertaken before or after recent improvements in 
equipment. The use of smaller soft tip guiding cath- 
eters (with and without side holes), finer steerable 
guide wires which permit better visualisation of the 
artery, and low profile balloons might have reduced 
the complications—particularly that of trauma to the 
left main stem coronary artery. 

What then can reasonably be expected from a 
centre during the first few years of coronary angio- 
plasty? In Sheffield 240 dilatations have been per- 
formed in 209 patients. Most of these were done by 
one operator who now has personal experience of 
over 300 cases. Technical success was achieved in 
205 (85%), in 14 (6%) urgent surgery was required, 
and two patients died (one after discharge). There 
were nine (4%) Q wave infarcts (four after surgery) 
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Recent occlusions, occurring between initial angio- 
graphy and angioplasty, were successfully dilated in 
10 out of 17 attempts. Unstable angina accounted for 
20% of the cases and two-vessel dilatations were 
performed in only 12 patients. These results are 
similar to those from other centres and have 
improved gradually. They reflect increasing experi- 
ence, and the use of more appropriate equipment 
and patient selection. We have found that less than 
10% of patients considered for revascularisation are 
suitable for angioplasty, and that it is unusual to find 
multivessel disease in which all important lesions are 
amenable to dilatation. 

Technical success is not always followed by pro- 
longed symptomatic relief. Late recurrence of symp- 
toms (that is, after six months) is usually due to 
progression of disease, but early recurrence is due to 
restenosis of the angioplasty site. Angiographic 
restenosis may occur in up to 30% of patients. 
Symptomatic ‘restenosis occurs in 10-15% of 
patients but in this group repeat angioplasty is safer, 
easier, and more successful than the initial pro- 
cedure. Not much is known about the factors gov- 
erning restenosis—it occurs later than one day and 
earlier than three months, Restenosis is not clearly 
related to any technical factors at the time of angio- 
plasty, nor to any particular patient features. It will 
be interesting to see the results of attempts to 
improve the radiographic appearance of the 
dilatation and to reduce platelet aggregation at the 
angioplasty site with epoprostenol (prostacyclin). 

The role of angioplasty continues to expand. It 
has a definite place in the treatment of unstable 

angina.” It will almost certainly be valuable in acute 
myocardial infarction after the use of selective 
thrombolytic agents. The value of angioplasty in 
complex multivessel disease is unclear because so far 
there has been no long term follow up. No compara- 
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tive trial of angioplasty versus surgery and medical 
treatment has so far been performed because of the 
difficulties inherent in such a study. A trial is 
planned in the United States and this will include 
patients with multivessel disease. 

Coronary angioplasty and bypass graft surgery are 
complementary procedures. One clear message from 
the paper by Norell et al is that we are still a long way 
from being able to dispense with surgical back up to 
prevent or reduce the extent of infarction after com- 
plicated angioplasty. Coronary graft stenoses, on the 
other hand, may also be amenable to dilatation. 
Angioplasty also preserves the saphenous veins for 
future operation if the disease progresses. It is 
unlikely that coronary angioplasty will reduce the 
demand for bypass surgery. Referrals for angio- 
graphy, especially in younger patients with short 
histories, will increase. Only some of them will be 
suitable for dilatation and the rest will join the ever 
increasing queue for bypass grafting. 
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Outcome of early surgery after coronary angioplasty 


MICHAEL S NORELL, JOHN LYONS, CLIVE LAYTON, RAPHAEL BALCON 
From the Cardiac Department, London Chest Hospital, London 


SUMMARY Nineteen of 69 patients undergoing coronary angioplasty required immediate coro- 
nary surgery after the procedure. Six of these operations were planned as a result of angioplasty 
that failed without producing any complication. The remaining 13 cases were operated upon 
because complications occurred during angioplasty. These were coronary artery dissection in 
four, occlusion in five, continuing severe spasm in two, tamponade in one, and in one other 
detachment of a guidewire tip. In these 13 cases the vessel in which angioplasty had been 
attempted was the left anterior descending coronary artery in eight, the right in four, and the 
circumflex artery in one. This distribution was no different from that in the 56 patients without 


. complications. 


‘There was one early postoperative death due to extensive anterior myocardial infarction, and 
there was electrocardiographic evidence of new infarction in three other patients. A mean of 16 
months postoperatively, 16 of the 18 surviving patients had no cardiac symptoms, while angina 
had improved in the remaining two. Sixteen of the 18 patients had nuclear left ventricular angio- 
graphy after a mean of 27 months. When the results of this investigation were compared with the 
left ventricular cineangiograms performed before angioplasty was attempted only two patients 
showed evidence of a new left ventricular wall motion abnormality. 

Prompt operation after complications of angioplasty is usually successful with good sympto- 
matic relief and without left ventricular damage. The incidence of complications requiring oper- 
ation, however, was high in this group of patients, most of whom had single vessel coronary artery 
disease. 


Coronary angioplasty is increasingly used in selected 
patients with coronary artery disease. Complications 
occurring during the procedure, however, result in 
the need for emergency surgery in approximately 
6% of cases.! This paper reviews our experience of 
the immediate and long term outcome of urgent 
surgery after angioplasty. 


Patients and methods 


All patients undergoing coronary angioplasty had at 
least moderately severe angina despite full medical 
treatment, and they were therefore selected to have 
surgery if angioplasty was not successful. 

Left ventricular cineangiography was performed 
in the 30° right anterior oblique projection, and nor- 
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mal left ventricular wall motion was demonstrated in 
all but four patients. The ejection fraction was mea- 
sured by planimetry of the end systolic and end 
diastolic frames (mean ejection fraction 58%, range 
20-72%). 

Before angioplasty was attempted, all patients 
were given premedication with oral nitrates, nif- 
edipme, and dipyridamole. In all cases a surgical 
team was aware that an angioplasty was being under- 
taken. The procedure was scheduled such that in the 
event of a complication occurring one of two oper- 
ating theatres would be available for emergency 
surgery. 


FOLLOW UP 

The frequency of myocardial infarction after 
surgery was determined on the basis of the following 
electrocardiographic criteria: new Q waves, loss of R 
wave, and new bundle branch block. The average 
duration of follow up was 16 months (range 1-45 
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Table Patients who required early coronary artery surgery after angioplasty 
Case Age Sex Angina Stenosis LV Wall motton Complication Time to Grafts applied Postoperateve data 
No - grade site EF abnormality bypass 
% : (mun) 
ECG Angna LVEF% Wall monon 
grade (exercise) abnormahry 
1 56 E 3 LAD 68 Apical — ~ LAD ~ 0 53 Apical 
2 57 M 4 RCA 70 — — — RCA —— 0 58 (67) m 
3 62 F 3 LAD: 51 Anterior — — LAD, RCA — 0 37 (30) Anterior 
4 54 M 4 LAD 39 Apical = = LAD _ 0 35 (39) Apical 
5 57 F 3 LAD 50 — — — LAD — 0 45 (55) — 
6 71 F 4 » 57 — — _ LAD, RCA — 0 Unavailable 
RCA* 
7 6 M 4 LAD 60 — LAD occlusion — LAD diagonal Anterior 0 31 - Anterior 
Q waves 
8 73 F 3 LAD 6 — LCx dissected 180 LAD, LCx Bundle 0 58 (67) od 
branch 
block 
9 M 4 RCA,* 20 Anterior RCA dissected 150 RCA, LCx _ 0 39 (43) Anterior 
LCx 3 
10 47 M 4 LAD 71 — LMS perforated 95 LAD, Lx — 0 61 (68) —_ 
1 56 M 3 LAD 47 — LAD occluded — LAD, LCx — 1 54 oo 
12 544 M 4 LAD 49° — LAD spasm — LAD — 2 62 (59) _ 
13 62 M 4 LAD 55 — LAD occluded 240 LAD, RCA — 0 48 (58) m 
14 49 M 3 LCx 60 — LMS dissected 60, LAD, LCI Note Died 
waves 
15 50 M 3 LAD 7 — LAD occluded 88 LAD == 0 60 (61) _ 
16 54 F 4 LAD,* 71 — RCA dissected 60 LAD, RCA Reduced 0 28 (24) Apical 
RCA* inferior 
R wave 
17 5 PF 4 RCA 2 — RCA occluded 150 LAD, RCA — 0 56 m 
18 54 M 3 RCA 6 Ż — RCA spasm 60 RCA — Unavailable 
19 60 F 4 LAD m — Guidewtre up 60 LAD diagonal — 0 58 (45) — 
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months) at which time any cardiac symptoms were 
noted. 

Nuclear left ventricular angiograms were obtained 
a mean of 27 months after surgery (range 2-54 
months). A dose of 0-03 ml/kg body weight of 
Amerscan stannous agent was injected intra- 
venously. After 30 minutes 20 mCi of 99m- 
technetium pertechnetate was injected into an arm 
vein. After a further five minutes the patient was 
scanned while supine in a 45° left anterior oblique 
position with a large field Siemens gamma camera. 
The patients performed symptom limited bicycle 
exercise in a supine position. Gated acquisition took 
place during the three minutes of the final stage 
reached. 

Left ventricular wall motion analysis was reported 
by an independent observer who. was unaware of the 
patients’ clinical details. We used Student’s paired t 
test for statistical analysis. 


Results 


Nineteen (27%) of the 69 consecutive patients 
undergoing angioplasty required urgent coronary 
artery surgery (Table). There were 11 men and eight 
women with a mean age of 55 years (range 47-73 
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years). All had at least moderately severe angina 
despite appropriate medical treatment, with 11 hav- 
ing had at least one previous episode of angina at 
rest. No patient had sustained a recent myocardial 
infarction and in all cases the angioplasty was per- 
formed electively. Fifteen patients had single vessel 
coronary artery disease defined as a lesion producing 
at least 70% luminal narrowing in one major coro- 
nary artery. This affected the left anterior 
descending artery in 11, the right in three, and the 
circumflex coronary artery in one patient. Four 
patients had two vessel disease. All of them had right 
coronary artery disease, three with additional left 
anterior descending artery disease and-one with 
circumflex artery disease. In three of these four: 
patients angioplasty of only one vessel was 
attempted, while in one a double procedure was 
attempted. hae 
INDICATIONS FOR SURGERY 

In six patients the stenosis could not be crossed with ` 
the dilataticrg balloon catheter, no complication 
occurred, and they proceeded to surgery. In nine 
others in whom the lesion could not be crossed and 
the remaining four in whom the stenosis had been 
crossed a complication necessitated urgent surgery. 











detached 


# 


i etna | 


*Vessel attempted. x 
LAD, left anterior descending, RCA, right coronary artery, LCx, left arcumfiex; LMS, left main stem, LVEF, left ventricular eyection fraction 
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COMPLICATIONS OF ANGIOPLASTY 

Coronary artery dissection occurred in four patients. 
The right coronary artery was dissected in two anda 
lateral circumflex in another. These patients devel- 
oped severe chest pain and ST segment elevation. 
The left main stem was dissected in another patient 
who developed a profound bradycardia and became 
hypotensive. 

The coronary artery became occluded without 
apparent dissection in five patients (in four in an 
attempt to dilatate a left anterior descending artery 
lesion and in one a right coronary artery lesion). All 
five developed severe pain and ST segment elevation 
and therefore went on to surgery. In two patients 
coronary artery spasm was assumed to have 
occurred after initially successful dilatation of a left 
anterior descending lesion in one and of a right coro- 
nary stenosis in another patient. In both cases there 
had been transient occlusion after dilatation which 
had temporarily reopened after intracoronary 
nitrates. The subsequent occlusion had been persis- 
tent, and surgery was undertaken because of pain 
and ST segment elevation. 

One patient developed pericardial tamponade. He 
had become markedly hypotensive after an 
unsuccessful attempt to cross a stenosis of the left 
anterior descending coronary artery and at 
emergency surgery ıt was apparent that the left main 
stem had been perforated. In another patient with a 
stenosis of the left anterior descending artery the 
fixed guidewire tip of the balloon catheter became 
detached and lodged in the main circumflex artery. 
Though there was no clinical deterioration, it was 
felt that surgery should be performed. 

In the 13 cases with complications of angioplasty 
the stenosis that we attempted to cross was in the left 
anterior descending artery in eight (62%), the right 
coronary artery in four (31%), and the circumflex 
artery in one (7%). This frequency resembled that 
in 56 patients who had undergone attempted angio- 
plasty without the occurrence of a complication. 

While emergency surgery was being arranged the 
patients received intravenous nitrates, sublingual 
nifedipine, and diamorphine. Intra-aortic counter- 
pulsation balloon pumps were not inserted. One 
patient (case 16) developed ventricular fibrillation 
requiring direct current defibrillation and another 
(case 14) required external cardiac massage until 
cardiopulmonary bypass was established. 


SURGERY 

The interval (mean 114, range 60-240 minutes) 

from the recognition of a complication at angioplasty 

to the patient being put on cardiopulmonary bypass 

was known in 10 of the 13 complicated cases. 
Seven of the 15 patients with single vessel disease 
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received a single vein graft. Seven of the other eight 
patients with single vessel disease had two vein 
grafts. In three this was for mild disease in another 
vessel while in one the lesion was proximal to a diag- 
onal vessel which was therefore also grafted. The 
remaining three patients with single vessel disease 
received additional grafts as a direct result of the 
angioplasty. In one a lateral circumflex artery had 
been dissected during attempt to dilatate a lesion of 
the left anterior descending artery. Two patients had 
sustained damage to the left main stem and both 
required left anterior descending and circumflex 
grafting. 

One patient (case 19) with stenosis of the left ante- 
rior descending artery required three vein grafts. In 
this case the fixed guidewire tip of the balloon cath- 
eter had become detached and lodged in the main 
circumflex artery. This vessel was explored in an 
unsuccessful attempt to recover the guidewire up, 
and was therefore also grafted in addition to the left 
anterior descending and diagonal arteries which had 
been grafted because of a proximal lesion in the left 
anterior descending artery. 


MYOCARDIAL INFARCTION 

There was evidence of new infarction in four 
patients. One of these (case 14), in whom the left 
main stem had been dissected, developed an exten- 
sive anterior myocardial infarction and was mori- 
bund before an emergency operation was per- 
formed. He did not survive. The other three patients 
were also from the group with complications and 
one of them had occluded left anterior descending 
artery. The other two had dissection of right and 
circumflex arteries.” ~ 


SYMPTOMS 

Sixteen of the 18 surviving patients had no cardiac 
symptoms at follow up. Angina had improved ın the 
remaining two. 


LEFT VENTRICULAR FUNCTION 

Nuclear left ventricular angiography was not per- 
formed on two patients. One had an occlusion of the 
right coronary artery during angioplasty without 
evidence of infarction, had proceeded to successful 
operation, and was subsequently symptom free. The 
other had had no complication at angioplasty and 
was also symptom free after operation. 

In the remaining 16 patients analysis of ejection 
fraction showed a small but significant reduction in 
mean ejection fraction at rest (58% vs 49%, 
p<0 05). Ejection fraction rose on exercise in five of 
the eight patients studied. 

Analysis of left ventricular wall motion in 16 
patients showed that only two had developed new 
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segmental abnormalities. Both had had normal left 
ventricular contraction on their left ventricular cine- 
angiograms before angioplasty but had new antero~ 
apical wall motion abnormalities in the follow up 
nuclear angiogram. Both had sustained an occlusion 
of the left anterior descending artery during 
attempted angioplasty. 


Discussion 


The place of urgent coronary artery surgery after 
complicated angioplasty is unclear. Our experience 
shows that it is feasible and the frequency of myo- 
cardial , infarction (31%), as judged by electro- 
cardiographic changes, suggests that this is not an 
inevitable sequel of complicated angioplasty. These 
data resemble those of the National Heart, Lung and 
Blood Institute Registry.! This reported that 26% 
of patients requiring urgent surgery developed Q 
wave infarction (52 of 202 patients) and similar 
results have been reported by others.” 

There is evidence that prompt revascularisation 
within two to three hours of the onset of myocardial 
ischaemia may limit the extent of infarction.’ This 
resembles the circumstances in the patients with 


_ complications, most of whom were on cardio- 


pulmonary bypass within two hours. Other factors 
which may have contributed to the relatively low 
frequency of infarction despite coronary artery 
occlusion, are the presence of collateral flow distal 
to the damaged artery and the possibility of spon- 
taneous thrombolysis. The reversal of previously 
persistent coronary artery spasm may have been 
another factor, as may premedication with calcium 
antagonists which could have protected a potentially 
ischaemic myocardium’. 

The frequency of complications requiring urgent 
coronary artery surgery during angioplasty in this 
group is high compared with that reported in other 
series in which emergency surgery was required by 
about 6% of patients.! Our patients were operated 
on by three individuals who were becoming experi- 
enced in angiography and this in part accounts for 
the high complication rate. Complications such as 
those described here are often treated by repeat 
angioplasty rather than by surgery.°® Since, how- 
ever, the duration of myocardial viability is 
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dependent on unknown variables such as the extent 
of collateral flow, at the time of this study we took 
the view that once obstruction had occurred it was 
unlikely that revascularisation could be achieved 
soon enough by attempting repeat angioplasty. This 
approach accounts for the high rate of emergency 
surgery. Subsequent experience, however, has dem- 
onstrated that our view was not correct. 

Despite the relatively good results of surgery in 
terms of symptoms and left ventricular function in 
these patients, morbidity and mortality were high in 
a group in which most patients had only single vessel 
disease and normal left ventricular function. Our 
experience emphasises that operators acquiring 
experience of the technique should only select for 
angioplasty those patients whose angina on medical 
treatment is important enough to make them candi- 
dates for surgery. 
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Percutaneous transluminal coronary angioplasty in 
unstable angina: comparison with stable angina 
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GERARD F GEARTY 


From the Cardiac Department, Royal City of Dublin Hospital, Dublin, Ireland 


SUMMARY Percutaneous transluminal coronary angioplasty was performed in 25 patients with 
unstable angina and in a similar group of 25 patients with stable angina. The frequency of single, 
double, and triple vessel disease was identical in each group. Technical success was achieved in 
22 (81%) out of 27 attempts in those with unstable angina and in 14 (52%) out of 27 attempts in 
those with stable angina. Vessel occlusion occurred in nine patients, necessitating emergency 
bypass surgery in four. There was evidence of myocardial infarction in three patients in each 
group and one patient in the unstable group subsequently died. Twenty eight of 32 successfully 
treated patients were followed up by means of repeat coronary arteriography, exercise electro- 
cardiography, and clinical assessment after a mean (SD) interval of 14 (7) months. There was 
angiographic evidence of restenosis in 32%, (seven of 22) of lesions in the unstable group and 44°. 
(four of nine) of lesions in the stable group. There were no late infarctions or deaths during the 
follow up period. These results support the growing evidence that angioplasty can be carried out 


safely and effectively in patients with unstable angina. 


The risk of infarction and death is high in patients 
with unstable angina.' Excluding patients with main 
stem disease, most studies have shown similar 
infarct and mortality rates when such patients are 
treated medically or surgically.?° Patients treated 
medically, however, are more likely to have severe 
symptoms during follow up and many eventually 
require operation for relief of incapacitating angina. 

Percutaneous transluminal coronary angioplasty 
is a new treatment of obstructive coronary disease in 
which a specially designed balloon tipped catheter is 
introduced through a peripheral artery and inflated 
across an atherosclerotic plaque to relieve the 
obstruction. Successful angioplasty can relieve 
angina and improve objective signs of myocardial 
ischaemia.* * Despite the growing experience world- 
wide with this technique, little information is avail- 
able about its suitability in patients presenting with 
unstable angina. We report the efficacy and long 
term results of coronary angioplasty combined with 
medical management in selected patients with this 
condition. 
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Patients and methods 


Between November 1982 and April 1984, 25 
patients with unstable angina and a similar group of 
25 patients with stable angina presenting to three 
hospitals were deemed to be suitable for per- 
cutaneous transluminal coronary angioplasty. This 
group constituted 50 (89°,,) of the first 56 cases in 
which angioplasty was performed at our hospital. All 
patients with unstable angina had experienced either 
(a) worsening in frequency, severity, or duration of 
chest pain; or (6) severe episodes of prolonged pain 
at rest immediately before admission. Angioplasty 
was performed in these patients during the same 
hospital admission after initial management by bed 
rest and medical treatment including nitrates, f 
blockers, and calcium antagonists. Serial electro- 
cardiograms and enzyme estimations were per- 
formed to exclude fresh myocardial infarction. 
Angiographic indications for angioplasty included 
high grade (>70°,, reduction of lumen diameter) 
accessible lesions in one or more major coronary ves- 
sels. Patients with left main stem disease, severe 
diffuse disease, total vessel occlusion, or involve- 
ment of major side branches were considered to be 
unsuitable as were those who were otherwise unfit 
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Table 1 Patient description and results 
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Data Stable Unstable 
No of patients 25 25 
Mean age (years (SD)) 5347 5348 
Males : females (“a } 76:24 68:32 
Mean duration of angina (months (SD)) 34453 7+10 
Previous infarction (No of patients) 3 4 
Coronary disease (No of patients): 
Single vessel disease 12 12 
Double vessel disease 9 9 
Triple vessel disease 4 4 
Mean (SD) transstenotic gradient (mm Hg) 55416 60+ 13 
Mean (SD) diameter stenosis pre-angioplasty ("",) 85-449 85-148 
Number of attempted dilatations 27 27 
Success (°),) 52 81 
Complications (No of patients): 
Ventricular fibrillation 5 1 
Vessel occlusion 4 5 
Myocardial infarction 3 3 
Death 0 1 
Emergency operation (No of patients) 1 3 
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for coronary artery bypass surgery. Informed con- 
sent was obtained from all patients after we had dis- 
cussed their clinical and angiographic data with the 
cardiac surgeons. Angioplasty was performed as 
previously described.® All patients received nife- 
dipine 10 mg orally before the procedure. After suc- 
cessful angioplasty heparin (20000 units) was 
administered by continuous infusion for 24 hours 
and patients were subsequently discharged on aspi- 
rin 300 mg daily for six months. 

We analysed and compared results for each group, 
using the 7? test where appropriate. 


Results 


Twenty seven dilatations were attempted in 25 
patients in each group. Table 1 summarises the 
details. The average interval between admission and 
angioplasty in patients presenting with unstable 
angina was 11-5 days (range 1-58 days). A tech- 
nically successful dilatation, defined as at least a 
20%, increase in lumen diameter, was achieved in 14 
out of 27 attempts in patients with stable angina and 
in 22 out of 27 attempts in those with unstable 
angina. In 32 patients in whom angioplasty was suc- 
cessful, the mean (SD) diameter stenosis was 
reduced from 84 (8",,) to 22 (22%) and the mean 
transstenotic gradient from 58 (13) to 17 (10) mm 
Hg (Fig). Angioplasty was unsuccessful in 18 
patients, and this was mainly because severely ste- 
notic segments (12 patients) could not be crossed. In 
three we were unable to approach the stenosis 
because of vessel tortuosity. After successfully 
crossing the stenosis in two patients, we were unable 
to improve the angiographic appearance or appre- 
ciably reduce the transstenotic gradient. One patient 
with unstable angina initially had a successful 


dilatation of a lesion of the proximal left anterior 
descending artery but subsequently occlusion of the 
distal vessel developed; this was presumably due to a 
dislodged thrombus. Four patients in whom failed 
angioplasty was associated with clinical deterio- 
ration had emergency bypass surgery; two of them 
had evidence of transmural infarction on subsequent 
electrocardiograms. Acute vessel occlusion occurred 
in nine patients and was associated with electro- 
cardiographic and enzyme changes of infarction in 
five, despite emergency operation in two and repeat 
angioplasty in another. One patient in whom angio- 
plasty was unsuccessful and uncomplicated had a 
myocardial infarction 12 hours later and since then 
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Figure Pressure recordings across coronary stenoses in 36 
successful dilatations. 
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Table 2 Site of attempted dilatation 








Angina LADp LADm RCAp RCAm Circ Total 
Stable 10 12 2 2 i 7 — 
Unstable 15 10 = 1 1 27 


LAD, left anterior descending artery; RCA, right coronary artery; Circ, circumflex coronary artery; p, proximal to first septal perforator 


(LAD) or first anterior ventricular branch (RCA); m, mid-segment. 


has been angina free. In one case failure to cross a 
mid-segment stenosis of the left anterior descending 
artery was associated with acute vessel occlusion and 
what initially appeared*to be a small uncomplicated 
anterolateral infarct. We decided not to proceed to 
emergency operation. A week later this patient had 
an extension of his infarct with recurrent ventricular 
fibrillation. Progressive clinical deterioration fol- 
lowed and he died of cardiogenic shock and renal 
failure. 

Follow up in 32 of the successfully treated 
patients (20 from the unstable group and 12 from the 
stable group) included clinical assessment, repeat 
coronary arteriography (28 patients), and exercise 
electrocardiography (26 patients). The mean inter- 
val between angioplasty and follow up arteriography 
was 14 (7) months (range 2-28 months). All except 
one patient, who presented with recurrent unstable 
angina after two months, were followed for at least 
five months (Table 3). Restenosis was defined as a 
loss of >50% of the previous gain in luminal 
diameter. Seven patients in the unstable group com- 
plained of chest pain on close questioning; four of 
them had restenosis. One patient presented with 
recurrent unstable angina and restenosis within two 
months and had coronary bypass surgery. Five 
patients in the stable group had recurrent chest pain, 
with restenosis in four. 

There was angiographic evidence of restenosis in 
seven (32%) of 22 lesions successfully dilated and 
restudied in the unstable group and in four (44%) of 
nine lesions in the stable group. Three out of 11 
patients with restenosis were free of symptoms and 
eight of them had negative submaximal exercise 
electrocardiograms. The four patients in the stable 
group who were not restudied are angina free. There 


Table 3 Long term follow up in successfully treated patients 








Stable Unstable 
No of patients 8 20 
Mean (SD) interval* (months) 16 (6) 14(7) 
Late deaths 0 Q 
Non-fatal infarction 0 0 
Recurrent chest pain 5 7 
Positive exercise test ` l 4 
Restenosis (No of lesions) 4 7 


maenmnnnannnaananam 
*To repeat arteriography. 


were no late infarctions or deaths in either group 
during the follow up period. 


Discussion 


The optimal management of patients with unstable 
angina has been the subject of much discussion over 
the past 10 years.’ A conservative approach may be 
appropriate when chest pain settles rapidly with 
medication.* Medical management alone is associ- 
ated with a considerable risk of subsequent 
infarction and death,’ '° and a high recurrence rate 
of severe angina during follow up. Twenty of our 
patients presented with crescendo angina while five 
had severe cardiac pain at rest. Ten patients had 
recurrent episodes of pain in hospital despite bed 
rest and medical treatment and thus belonged to a 
high risk subgroup. Mechanical intervention when 
the coronary pathophysiology is unstable might be 
expected to be more difficult and possibly more haz- 
ardous than in patients with stable angina. Our 
results suggest that this is not so. The success rate of 
angioplasty in patients with unstable angina was 
higher (81% vs 52°.) than that in the stable group, 
while the frequency of serious complications such as 
vessel occlusion and myocardial infarction was simi- 
lar in both groups. Table 1 shows that both groups 
were similar in terms of mean age, previous 
infarction, extent of coronary disease, and severity of 
stenosis before angioplasty. From the beginning of 
our programme the ratio of successful intervention 
in each group remained the same, implying that 
increasing experience and technological devel- 
opment do not explain the apparent difference in 
results. This difference may be explained in several 
ways. Firstly the frequency of severe stenoses 
affecting the proximal portion of the left anterior 
descending artery (Table 2) was higher in patients 
with unstable angina. This is the ideal site for 
attempted angioplasty.'' These patients had had 
symptoms for a shorter time, perhaps indicating the 
presence of a rapidly evolving, soft, distensible 
lesion which may be associated with plaque rupture 
or thrombus formation or both. Such a lesion is 
more likely to allow passage of the balloon catheter 
and subsequent dilatation. There was evidence of 
distal embolisation in one patient with unstable 
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angina after dilatation of a severe proximal stenosis. 
This seems to be a rare complication of angioplasty, 
but not an unexpected one if, as seems likely, fresh 
thrombus formation plays a part in the patho- 
physiology. '? 

The two groups comprised a large part (89°) of 
our initial experience with this technique. It is likely 
that with increased experience the success rate in the 
stable group will rise and the difference between the 
two groups will become less pronounced, as shown 
by Meyer er al in the only other published report in 
which the efficacy of angioplasty in stable and unsta- 
ble angina has been compared."? 

The total, that is, in hospital and late, infarct and 
mortality rates (12°, and 4°, respectively) in our 
patients with unstable angina who underwent angio- 
plasty compare favourably with published results of 
similar patients treated medically or surgically.** 
Our results are slightly biased, however, by the fact 
that two patients had successful emergency bypass 
surgery without infarction after acute vessel 
occlusion had occurred during angioplasty. Others 
have shown similar mortality'* '* and complication 
rates when operation and angioplasty are compared, 
whereas medical treatment alone is associated with 
recurrence of severe symptoms in 20-40%, of 
patients during the first year of follow up.* Although 
on questioning seven (35%) of our patients com- 
plained of chest pain during follow up, three of them 
had no evidence of restenosis or important disease 
elsewhere to account for their symptoms. Angina, 
when it did recur, was usually mild, that is, grade 
I-II (New York Heart Association criteria), except 
for one patient who presented with recurrent unsta- 
ble angina and required emergency bypass oper- 
ation. 

Exercise electrocardiography was surprisingly 
unhelpful in identifying those patients with 
restenosis. This is consistent with the recently 
reported findings of De Feyter ez a/'® but we cannot 
account for this finding. 

In conclusion, our work supports the observation 
that urgent coronary angioplasty combined with 
medical treatment can be performed safely and 
effectively in patients with unstable angina. In addi- 
tion the nature of the pathophysiological processes 
in these patients may make them technically more 
suitable for this procedure than those with stable 
angina. 
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carrying out this work, 
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High dose intravenous streptokinase in acute 
myocardial infarction—short and long term 
prognosis 


B A MacLENNAN, A McMASTER, S W WEBB, MM KHAN, AAJ ADGEY 
From the Regional Medical Cardiology Centre, Royal Victoria Hospital, Belfast, Northern Ireland 


SUMMARY Streptokinase (1 million international units) was given intravenously over 30 or 60 
minutes to 50 patients four hours or less after the onset of acute myocardial infarction. All were 
aged <70 years and had 4 mm or greater ST segment elevation in anterior or inferior leads. Rapid 
(mean 95 min) ST segment resolution, which was taken to indicate reperfusion of the myo- 
cardium, occurred in 36 (72%) patients. In these 36 the average time from onset of symptoms to 
peak creatine kinase, creatine kinase MB, and myoglobin was 9-45 hours, whereas it was 17 hours 
in'the 14 patients in whom indirect criteria did not indicate reperfusion. Reperfusion arrhythmias 
were invariably present and ventricular tachycardia developed in five patients and ventricular 
fibrillation in two. The infarct related artery was seen to be open in 28 (70%) of the 40 patients 
who had delayed coronary arteriography. The frequency of patency in the infarct related artery 
was no different in patients given streptokinase <2 hours or between 2—4 hours from onset of 
symptoms nor did it differ when streptokinase was infused over 30 or 60 minutes. Mean left 
ventricular ejection fraction was 57% in those with a patent infarct related artery and 48% in 
those with an occluded vessel. Eight patients subsequently underwent elective percutaneous 
transluminal coronary angioplasty after successful thrombolysis and six had coronary artery by- 
pass grafting. There were nine in-hospital reocclusions of the infarct related coronary arteries. 
Two bleeding episodes occurred; one required transfusion. Five of the 50 patients died in hospi- 
tal. All of them had had an anterior myocardial infarction; four had bifascicular block and one had 
right bundle branch block. During follow up, four patients died, two suddenly and two from 
reinfarction. During follow up (mean 15 months) the frequency of reinfarction, dyspnoea, and 
angina was low and there was no difference in the proportions of patients returning to work 
between those with an open infarct related artery and those with a closed infarct related artery. 
Intravenous administration of high dose streptokinase to selected patients during the acute 
phase of myocardial infarction is a safe, effective, and practical method of thrombolysis. It must, 
however, be followed by coronary arteriography to select those patients in whom percutaneous 
transluminal coronary angioplasty or coronary artery bypass grafting will be helpful. 


In most patients acute myocardial infarction is asso- 
ciated with an acute intraluminal coronary artery 
thrombosis on an atheromatous plaque.'~* The 
amount of necrotic muscle resulting from coronary 
artery occlusion is a major factor determining the 
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outcome of acute myocardial infarction. Although 
recanalisation of a coronary artery may occur spon- 
taneously," restoration of anterograde flow in the oc- 
cluded vessel by thrombolytic treatment may 
terminate or lumit the ischaemic process and so re- 
duce the amount of tissue death. At present, early 
reopening of an occluded infarct related vessel by 
thrombolysis appears to be the most promising ap~ 
proach in limiting infarct size. 

During acute infarction the area of acute necrosis 


232 


spreads from the subendocardial surface through to 
the subepicardial surface,’ ê and experimental stud- 
ies in dogs have shown that early interruption of this 
destructive advance is likely to offer the best pros- 
pect of salvage or recovery in the ischaemic myo- 
cardium.°!° Establishing reperfusion within four 
hours of complete ischaemia may result in important 
structural and functional recovery.!!'? After four 
hours of complete ischaemia major improvement 
seems to be unlikely!!!? and reperfusion in such 
cases possibly only helps to accelerate the decay of 
already irreversibly injured tissue. The extent of 
collateral flow, however, is likely to be a major deter- 
minant of the time course and final size of infarction 
in patients.’ 

Despite almost two decades of experience, the 
benefits and risks of administration of intravenous 
streptokinase in acute myocardial infarction remain 
to be established. Early randomised studies!?~ ‘4 
gave equivocal results because populations were het- 
erogenous, treatment was started too late (6-12 
hours or more) after the onset of symptoms to be of 
any benefit, slower infusion times were used, and 
evidence of reperfusion was not recognised or was 
misinterpreted. 

Intracoronary streptokinase given on average 
(SD) 4:3(1-4) hours after acute myocardial in- 
farction was associated with a 76% recanalisation 
rate in the infarct related artery.!f When intra- 
venous streptokinase was given on average 2-8(1) 
hours after onset of symptoms, the same workers 
showed a recanalisation rate of 73%.'® When intra- 
venous streptokinase was given within six hours of 
myocardial infarction, early reperfusion, that is 
within one hour, occurred in 49% of patients.!’ In a 
similar group of patients Schroder found a patent 
infarct related artery in 84% at angiography four 
weeks later.!® The intravenous route, which does 
not require emergency arteriography and so is more 
generally applicable, allows treatment to be started 
as soon as possible after the onset of symptoms. 

We have evaluated the effects of high dose short 
term intravenous streptokinase in patients pre- 
senting within four hours of the onset of acute 
myocardial infarction and have followed their course 
after leaving hospital. 


Patients and methods 


All patients were aged <70 years, had had symp- 
toms for <4 hours, and showed an acute injury pat- 
tern on the electrocardiogram (that is 24 mm ST 
segment elevation in two or more anterior or inferior 
electrocardiographic leads after pain relief). No 
patient had uncontrolled hypertension or a potential 
bleeding site. Those patients already on anti- 
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coagulants were excluded. Informed consent was 
obtained from all. No patient died between accept- 
ance for the study and the administration of strep- 
tokinase. 

Before treatment was started, blood was drawn for 
a complete blood count, platelet count, prothrombin 
time, partial thromboplastin time, fibrinogen, total 
creatine kinase, creatine kinase-MB, and myoglobin. 
A 12 lead electrocardiogram was recorded. Hydro- 
cortisone (250 mg), given intravenously to prevent 
an allergic reaction to streptokinase, was followed 
immediately by a 100000 IU bolus of streptokinase 
and then by an infusion of 900000 IU in 100 ml of 
physiological saline. Infusion lasted 60 minutes in 
20 (40%) patients and over 30 minutes in 30 (60%) 
patients. After the streptokinase infusion, heparin 
40000 TU was infused over 24 hours, The activated 
partial thromboplastin time was checked at two, 
four, eight, 12, and 24 hours after completion of 
streptokinase administration and the amount of 
heparin infused was adjusted daily in an attempt to 
maintain the activated partial thromboplastin nme 
between 80 and 120 s. The infusion of heparin was 
continued until either delayed coronary arte- 
riography was performed or circumstances dictated 
otherwise. After arteriography, if angioplasty was 
not considered, heparin was discontinued and either 
antiplatelet drugs or warfarin were given daily. After 
the end of the streptokinase infusion the electro- 
cardiogram was recorded again and thereafter at 30 
minutes, one, two, four, eight, 12, 16, and 24 hours 
with concurrent measurement of serum creatine ki- 
nase, creatine kinase-MB, and myoglobin con- 
centrations. Thereafter electrocardiograms were 
recorded daily. Coronary arteriography was per- 
formed later by the Judkins’s transfemoral tech- 
nique in all except one patient in whom the brachial 
approach was used. Ejection fraction was assessed in 
the 30° right anterior oblique projection of the left 
ventriculogram. 

Reperfusion of the myocardium or recanalisation 
of a recently occluded artery was recognised by (a) 
rapid decline (>3 mm) of the ST segment injury 
current on the electrocardiogram; (b) early rise and 
peak (<12 hours) in serum creatine kinase, creatine 
kinase-MB, and myoglobin levels; (c) the occurrence 
of specific reperfusion arrhythmias-ventricular ex- 
trasystoles, runs of idioventricular rhythm, ventric- 
ular tachycardia, or ventricular fibrillation; (d) 
luminal patency of infarct related artery demon- 
strated at coronary arteriography. 


Results 


Thrombolysis was attempted in 50 patients (41 male 
and nine female) aged 37-69 (mean 57 years); 33 of 
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Table1 Peak creatine kinase (CK), creatine 
kinase~-MB(CK-MB), and myoglobin (MB) and time 
taken to reach peak values m patients with an open infarct 
related artery and those unth a closed artery 








Peak mean (SD) Trme to peak (h)* 
Open artery 
CK 2337 (1580) uA 4-12 (8 5) 
CK-MB 121 (88) U/I 3-10 (7 45) 
MB 2613 (3060) p 3-8 (6 5) 
losed artery 
CK 2105 (506) U 9-24 (16) 
CK-MB 87 (43) U/I 7-18 (15) 
MB 2664 (1936) pg/1 6-13 (8) 
*Range (mean), 


them had had an anterior infarction and 17 had had. 
an inferior infarction. Nine had had previous myo- 
cardial infarctions. Streptokinase was administered 
on average 150 (range 35-240 min) after the onset of 
symptoms. Of the 50 patients, 36 (72%) showed in- 
direct evidence of reperfusion. Rapid resolution of 
ST injury pattern by 23 mm occurred in all 36 in an 
average-time of 95 min (range 30-180 min) after the 
start of treatment. Serum creatine kinase, creatine 
kinase-MB, and myoglobin kinetics were acceler- 
ated in all those who showed ST segment im- 
provement. Peak values were reached <12 hours 
(mean 9-45 hours, range 3-12 hours) after onset of 
symptoms in the 36 patients showing rapid ST seg- 
ment resolution. In those whose ST segments re- 
mained elevated (>4 mm) creatine kinase, creatine 
kinase-MB, and myoglobin values reached a peak 
17-3 hours (range 6-24 hours) after the onset of 
symptoms. In these 14 patients indirect criteria were 
considered not to indicate reperfusion. 

Forty patients, 25 with anterior infarction and 15 
with inferior infarction, subsequently underwent 
delayed coronary arteriography. Of the 10 patients 
who did not undergo coronary arteriography, five 
had died in hospital, three had bad overt rein- 
farctions with further chest pain, ST segment re- 
elevation, and a further rise in serum enzyme 
activity, and two showed evidence of initial large in- 
farctions without indirect evidence of reperfusion. 


Table 2 Details of patients nth re~occlusion 
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Thirty five patients underwent arteriography within 
21 days (mean 14, range 6-21 days), four patients 
between 22-28 days, and one at one month after ad- 
mission (this patient had déveloped a retroperitoneal 
haematoma during the initial hospital admission). 
Single vessel disease with 270% stenosis was 
present in 18 (45%) patients, double vessel disease 
in 11 (27%), and triple vessel disease in six (15%). 
The remaining five had lesions with < 70% stenosis. 
The artery supplying the infarct territory was patent 
in 14 (78%) of the 18 patients with single vessel dis- 
ease, in six (54%) of the 11 patients with double, and 
in three (50%) of the six patients with important 
triple vessel disease. Eighteen had been given strep- 
tokinase over 60 minutes and in 11 (61%) of them 
the infarct related artery was open. Twenty two 
patients had streptokinase administered over 30 
minutes and 17 (77%) of them had an open infarct 
related artery. These differences were not statisti- 
cally significant. 

Thus the infarct related artery was patent in 28 
(70%) patients. Of these 28 open arteries, 19 (68%) 
were associated with anterior infarction and nine 
(32%) with inferior infarction. Concordance be- 
tween direct and indirect evidence of reperfusion 
was very high: all patients whose myocardium was 
reperfused (that is had an open infarct related artery) 
had one or more reperfusion arrhythmias and in all 
except two serum enzymes peaked within 12 hours 
of the onset of symptoms. Enzyme release and the 
time to peak enzyme activities for those with an open 
infarct related artery were compared with values in 
patients with a closed infarct related artery (Table 
1). There was no statistically significant difference 
between those with open and closed infarct related 
arteries for mean peak creatine kinase, creatine 
kinase-MB, or myoglobin. Time to peak creatine ki- 
nase, creatine kinase-MB, and myoglobin from on- 
set of symptoms was earlier, however, in the group 
with the open infarct related artery than in the group 
with a closed infarct related artery. Eighteen 
patients received streptokinase within two hours of 
the onset of symptoms and in 13 (72%) of them the 





Patient No Imnal and reinfarction APTT at time of Time of reoccluston Angugraphy 
Sites reocclusion (s) a (infarct related artery) 

1 Antenor — Silent 100% occluded 
2 Inferior 45 Day3 o angiogram 
3 Inferior 60 Day 4 No angiogram 
4 Infertor 58 Day 9 100% occluded 
5 Inferior — Silent 100% occluded 
6 Anterior 27 Day 4 100% occluded 
7 Anterior — Silent 100% occluded 
8 Anterior 45 Day 5 No angiogram 
9 Anterior 34 Day 5 100% occluded 


APTT, activated partial thromboplastin ime ' 
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infarct related artery was open. Twenty two received 
streptokinase between two and four hours after the 
onset of symptoms and in 15 (68%) the infarct re- 
lated artery was open. Eleven had received strep- 
tokinase infusion over 60 min and 17 over 30 min. 

Left ventricular ejection fraction at angiography 
was on average 57% (range 23-84%) in those with 
patent lumens and 48% (range 27~71%) in those 
with an occluded infarct related artery. This 
difference is not statistically significant. The ejection 
fractions were independent of the timing—that is 
whether arteriography was performed within or 
more than two weeks after treatment. In those who 
had reperfusion of the myocardium the average ejec- 
tion fraction associated with inferior infarction was 
64%, whereas in those with anterior infarction it was 
57%. 

Six (12%) of the 50 patients had had ventricular 
fibrillation before streptokinase administration. Five 
of these showed indirect evidence of reperfusion and 
two had open infarct related arteries at arte- 
riography. Three had overt reinfarctions, and at ar- 
teriography in two the infarct related artery was 
closed. The sixth patient died in hospital. Early post- 
thrombolytic or reperfusion arrhythmias— 
idioventricular rhythm and late diastolic ventricular 
ectopic beats—were invariably present in patients 
with reperfusion of the myocardium. Five (10%) 
had ventricular tachycardia within four hours of 
streptokinase infusion, which required anti- 
arrhythmic treatment, and in all of them the infarct 
related artery was patent at angiography. Two pa- 
tients had ventricular fibrillation within five hours of 
streptokinase (one had had it before treatment and 
later died in pump failure; in the second, the infarct 
related artery was patent at arteriography). 

Six overt non-fatal reinfarctions with chest pain, 
ST segment elevation, and increases in serum en- 
zymes occurred in hospital (Table 2). Three of these 
patients subsequently underwent arteriography and 
in all of them the infarct related artery was occluded. 
Three patients who had shown indirect evidence of 
reperfusion had occlusion of the infarct related ar- 


Table3 Details of the patients who died in hospital 
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tery at angiography (considered to be silent rein- 
farction) and all survived. Thus nine (18%) 
reocclusions (five anterior, four inferior) occurred in 
hospital. No patient received further streptokinase 
after initial treatment. 

None of the patients appeared to be allergic to 
streptokinase. Two bleeding events occurred. One 
69 year old woman had gingival oozing within two 
hours of streptokinase infusion. Activated partial 
thromboplastin time was 65 s. Heparin dosage was 
subsequently halved, but she had a reinfarction on 
the third hospital day when the activated partial 
thromboplastin time was 45 s. No blood transfusion 
was required. A 47 year old man developed a retro- 
peritoneal hrematoma on day nine after strep- 
tokinase and while he was on heparin infusion and 
his activated partial thromboplastin time was 120 s. 
Five units of blood were transfused. 

Eight patients who had successful reperfusion of 
the myocardium had elective percutaneous trans- 
luminal coronary angioplasty because they had 
stenoses accessible to this technique. Two of these 
patients had single vessel disease, three had double 
vessel disease, and three had triple vessel disease. 
Angioplasty was only used for single lesions—four 
right coronary artery lesions of between 90% and 
99% and four left anterior descending lesions of be- 
tween 85% and 95% narrowing. Coronary artery 
bypass grafting was carried out in patients with high 
grade lesions who continued to have angina despite 
intensive medical treatment. Six patients underwent 
coronary artery bypass grafting—four had single 
vessel disease (70-90% narrowing), one double ves- 
sel disease (100% and 95%), and one triple vessel 
disease (95%, 100%, 95% lesions). 

There were five (10%) in-hospital deaths (Table 
3). All the patients had anterior infarction and three 
had had previous inferior infarctions (average age 60 
years, range 43-69). The mean duration of symp- 
toms before streptokinase administration was 136 
min (range 120-160). On admission four had bi- 
fascicular block and one right bundle branch block 
and four had pulmonary oedema. None had indirect 


Patient No Sex| Age Site of infarcron Conduction Time from Pulmonary oedema 
abnormahty admission to death on 
1 Male, 68 Anterior RBBB+LAH 33h + 
2 Female, 69 Anterior RBBB 21 days + 
(old inferior) 
3 Male, 54 Anterior RBBB +RPH 4h 0 
(old inferior) 
4 Male, 68 Anterior RBBB + LAH 3h + 
(old mferior) 
5 Male, 43 Anterior RBBB+ LAH 5h + 


RBBB, right bundle branch block, LAH, left anterior hemublock; RPH, right posterior hemiblock. 
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evidence of reperfusion nor did the conduction delay 
resolve in any after streptokinase; none had strep- 
tokinase antibodies since in all five serum fibrinogen 
fell significantly. None of these patients underwent 
coronary arteriography. Death occurred in three, 
four, five, 33 hours, and on day 21 after admission. 
All were in cardiogenic shock before death. Three 
necropsies were performed. Two patients had severe 
triple vessel disease (stenosing atheroma) with re- 
cent thrombi in the infarct related vessels, and the 
third patient had single vessel disease with a recent 
total occlusion of the infarct related artery (Inter- 
stitial oedema was present in the lungs ın all three. 
Fibrosis and scarring of the inferior and posterior 
surfaces of the left ventricle was noted in two pa- 
tients in keeping with previous infarction.) 

Of the 45 patients who were discharged, 40 had 
had angiography. Excluding the 11 who had either 
percutaneous transluminal coronary angioplasty or 
coronary artery bypass grafting or both, important 
stenoses were found in 15 of the remaining 29 
patients with single vessel disease, ın seven with 
double vessel disease, and in three with triple vessel 
disease. The remaining four patients had <70% 
stenosis of one or more vessels. Six of the 15 patients 
with single vessel disease had 70-79% lesions and 
nine patients had 90—100% lesions; in 10 of these 
patients they were left anterior descending coronary 
artery lesions and in five patients they were right 
coronary artery lesions. Of the seven with double 
vessel disease, three had 70-79% and four had 
90-100% lesions of the left anterior descending ar- 
tery; six had narrowing of the right coronary artery 
(in one this was 70-79%, in another ıt was 80-89%, 
and in four it ranged from 90% to 100%); and one 
patient had 70% narrowing of the circumflex artery. 
All three with triple vessel disease had 90-100% 
narrowing of the left anterior descending artery and 
1n all of them the right coronary artery was occluded; 
in three patents the circumflex artery was narrowed 
(70% in one and 90-95% in two). 

Of the 45 patients discharged from hospital, 28 
had an open infarct related artery at angiography 
and two of these died during follow up; 12 had a 
closed infarct related artery and two of these died 
during follow up. None of the five who did not have 
coronary angiography died. Of the four deaths, one 


Table 4 Drug treatment of the 41 patients during follow up 


Calum Nitrates 
antagonists 
Open infarct related artery on 15 17 
e (26 cases) 
Closed infarct related artery 5 4 


(10 cases) or no angiogram 
(5 cases) 
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patient, a 58 year old man, died suddenly at home 10 
months after discharge. He had had an earlier myo- 
cardial infarction before the one during which strep- 
tokinase was given. At angiography he had single 
vessel disease with an occluded infarct related ar- 
tery. A treadmill exercise test was not performed be- 
cause his left ventricular ejection fraction was only 
10%. He had no angina after leaving hospital and 
was being treated for congestive heart failure. The 
second patient was a man aged 57 years who also 
died suddenly at home 12 months after discharge. 
The predischarge angiogram showed double vessel 
disease (100% and 75% lesions) with a closed infarct 
related coronary artery. This patient achieved 10 
munutes of exercise on the Naughton and Balke pro- 
tocol. He did not have chest pain during the exercise 
treadmill test nor did the blood pressure drop or any 
arrhythmias develop. ST segment elevation oc- 
curred in the area of inferior infarction and there 
were reciprocal changes 1n the anterior leads. He had 
not had angina after discharge. Case 3 was a 52 year 
old man who died from a further infarction 10 
months after discharge. At angiography he had 
single vessel disease with 80% narrowing. He had 
been symptom free, had had no treadmill exercise 
stress test, and no angina had occurred after dis- 
charge. Case 4 was a 47 year old man who died of left 
ventricular failure associated with a further in- 
farction three months after discharge. Reinfarction 
occurred during a treadmill exercise stress test and 
the patient died despite emergency bypass oper- 
ation. At previous angiography he had 95% narrow- 
ing of left anterior descending artery (open infarct 
related artery), the mght coronary artery was oc- 
cluded, and there was 99% narrowing in the 
circumflex artery. The patient had claimed to be 
symptom free. Only two patients had reinfarctions 
during follow up and both of them died. 

During the 11-22 months (mean 15:5 months) of 
follow up 11 of the remaining 41 patients had angina 
(New York Heart Association grade I or grade II) 
Eight of those with angina (grade I) had an open 
infarct related artery on discharge. Of the remaining 
three, two had a closed infarct related artery on dis- 
charge and in one there was no predischarge angio- 
gram. Of these 11 patients, six had single vessel 
disease with 270% stenosis, one had double vessel 


B blockers Annplatelet Anticoagulants 
agents 
11 15 5 
4 4 1 
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disease with >70% stenosis, one had double vessel 
disease, and two had triple vessel disease. One pa- 
tient had a single vessel 50% stenosis and one had no 
angiogram. Thirty eight patients had no dyspnoea. 
Two patients were in New York Heart Association 
functional class I and one was in functional class II. 
Table 4 shows the drugs taken during follow up. 

Fifteen of the 41 patients went back to full em- 
ployment, 14 retired early, nine remained un- 
employed, and three became unemployed. There 
was no difference in the proportions of those going 
back to work between those in whom the infarct re- 
lated artery was open and those in whom it was 
closed. 


Discussion 


Experience with patients undergoing thrombolytic 
treatment with intracoronary streptokinase suggests 
that the infarct related artery is likely to be occluded 
in 80-90% of patients before treatment is started.!® 
The major findings in our study were that intra- 
venous high dose streptokinase is a quick, safe, and 
effective method of achieving thrombolysis in se- 
lected patients during the acute phase of myocardial 
infarction and that 70% of infarct related arteries 
were patent at angiography. These results compare 
favourably with other studies in which successful 
coronary artery recanalisation was achieved in about 
75% of patients with myocardial infarction treated 
by intracoronary streptokinase.?° Alderman et al in 
a randomised study of patients with myocardial in- 
farction gave streptokinase within 3-5 hours of the 
onset of symptoms; the patency -rate with intra- 
venous administraton was 62% compared with 73% 
in those receiving ıt by the intracoronary route.*! 
Mayer et al found that high dose intravenous strep- 
tokinase given an average of 2:77 (1:31) hours from 
the onset of symptoms gave a patency rate of 83% in 
the infarct related artery at follow up angiography.”” 

Delay, the critical issue determining successful 
outcome, is minimised by intravenous adminis- 
tration which has the-advantage of earlier and easier 
application in virtually every medical care facility. 
All our patients had had symptoms for four hours or 
less and the successful outcome of treatment in those 
treated within two hours of onset of symptoms 
(72%) compared favourably with those who were 
treated after two hours (68%). Thus it would seem 
reasonable to administer streptokinase to patients 
within four hours of the onset of acute myocardial 
infarction when it is still possible to achieve success- 
ful thrombolysis. The shorter streptokinase infusion 
time of 30 minutes vs 60 minutes was not associated 
with a significant increase in achieving patency of 
the infarct- related artery (77% vs 61%). 
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Although the groups were too small to determine 
the statistical significance of any differences, it was 
our impression that thrombolysis was more effective 
in patients with single vessel than in those with dou- 
ble or triple vessel disease (78% vs 54% vs 50%). 
Many of these single vessel lesions are accessible to 
subsequent angioplasty. The occurrence of ventric- 
ular fibrillation before thrombolysis should not 
deter one from attempting to interrupt the natural 
evolution to complete infarction. Two of the six pa- 
tients in this study who had ventricular fibrillation 
before treatment later showed successful re- 
canalisation. In one the rhythm disturbance re- 
curred during treatment. Nevertheless, if human 
ventricular fibrillation resembles anımal ventricular 
fibrillation then the longer the interval before reper- 
fusion of an occluded vessel 1s established the less 
likely 1s ventricular fibrillation to develop.’ Five pa- 
tients developed ventricular tachycardia within four 
hours of thrombolysis. All were treated with con- 
ventional anuarrhythmic agents, in none was the ar- 
thythmia fatal, and in all the infarct related artery 
was patent on angiography. These results mndicate 
that prehospital administration of streptokinase in 
acute infarction should be considered, so that delay 
may be avoided and reperfusion be achieved as early 
as possible. Certainly the potential development of 
serious ventricular arrhythmias outside hospital 
should not exclude this therapeutic option. 

In this study indirect evidence of reperfusion as 


‘ demonstrated by accelerated electrocardiographic 


evolution and peak serum enzyme kinetics cor- 
related well with the subsequent angiographic 
verification of patency. Both these non-invasive 
variables are now recognised markers of reper- 
fusion, 1° 18 19 23 24 When they occurred with reper- 
fusion arrhythmias (late diastolic ventricular 
premature beats and self-terminating idio- 
ventricular rhythm?*) recanalisation of the infarct 
related artery was almost always found. This infor- 
mation 18 most useful when facilities for performing 
coronary angiography are not available, and a clin- 
ical decision on which patients should be referred to 
specialised centres for arteriography after throm- 
bolysis has to be made. 

Ventricular function is often used to gauge success 
after thrombolysis. None the less ejection fractions 
must be considered with caution because the assess- 
ment of left ventricular function immediately after 
reperfusion is unlikely to demonstrate the ultimate 
benefit of thrombolysis as myocardial stunning may 
take place early on.'? Left ventricular function (as 
measured by ejection fraction) is less severely im- 
paired after inferior infarction than after anterior in- 
farction in patients not receiving thrombolytic 
agents.7° In this study the average ejection fraction 
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for those with inferior infarction was higher than 
that for patients with anterior infarction. In a ran- 
domused study by Khaja ez al of intracoronary strep- 
tokinase vs placebo given within six hours of acute 
myocardial4nfarction no beneficial effect on left ven- 
tricular function was seen,?” unlike the results of the 
randomised study reported by Anderson er al in 
which ventricular performance was significantly 
better in those receiving intravenous streptokinase 
at 2 8(1) (mean (SD)) hours than in a historical con- 
trol group.?® In our study left ventricular ejection 
fraction averaged 57% in those where the infarct re- 
lated artery successfully recanalised after treatment 
and 48% in those with artery occlusion at angio- 
graphy. Although this difference was not statistically 
significant, the mprovement of approximately 10% 
in ejection fraction recorded in our study in success- 
fully treated patients accords with reports from 
other workers.'! Improved ventricular performance 
leads to better long term survival. Fatal arrhythmias 
and pump failure are more likely to develop in 
patients with low ejection fractions after acute myo- 
cardial infarction.?° 

Vessels with residual stenotic cross sectional areas 
less than 0-4 mm? are at high risk for rethrombosis, 
whereas vessels with minimal cross sectional areas of 
>0 4 mm?” are unlikely to develop rethrombosis,?° 
Harrison et ai found that 50% of patients with re- 
sidual lesions causing >90% area stenosis had re- 
occlusion whereas no patient with lesions of <90% 
area stenosis had vessel reocclusion.?® After strep- 
tokinase reperfusion, however, the residual size of 
the lumen may change over the subsequent days 
either because of resolution of coronary artery spasm 
or lysis of persistent thrombi or changes in the ath- 
eromatous plaque. The reocclusion rate ın this study 
was 18% (nine of 50). In most, anticoagulation at the 
time of reocclusion was considered to be suboptimal 
or was proving difficult to control. In three of the 
nine patients indirect criteria suggested re- 
canalisation; this was followed by reocclusion. This 
has been described by others.29°° Successful 
thrombolysis will not alter the underlying disease 
process and the tendency to rethrombosis is a great 
and an ever present risk.7! 3? With anticoagulation, 
however, the reocclusion risk is likely to be low. The 
interval coronary arteriogram should be performed 
as early as possible after thrombolytic intervention, 
however. None the less this does not imply that the 
longer the delay in performing coronary arte- 
riography, the greater the likelihood of re- 
thrombosis. Reocclusion in our series occurred 
throughout the post-thrombolytic in-hospital period 
as did arteriography. In many cases the results of 
coronary arteriography will dictate the further man- 
agement in the short or intermediate term.?? 34 Per- 
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cutaneous transluminal coronary angioplasty was 
performed in eight patients who had lesions acces- 
sible to this technique in an attempt to optimise in- 
iual therapeutic success and preserve vascular 
patency.. Six underwent coronary artery bypass 
operation because they had high grade lesions with 
continuing angina despite intensive medical treat- 
ment. 

Bleeding complications during the study were in- 
frequent. One patient required a blood transfusion 
for a retroperitoneal haematoma, which was caused 
by the heparin infusion rather than streptokinase. 
No allergic manifestations were seen in response to 
streptokinase. Five (10%) patients died during hos- 
pital stay. All were in the high risk group—that is 
they all had anterior infarctions, three had had pre- 
vious inferior infarctions, four had pump failure on 
admission, and all had conduction abnormalities 
which were not corrected after streptokinase in- 
fusion. None of these patients showed indirect evi- 
dence of reperfusion. All were in cardiogenic shock 
at the time of death, with pump failure and a termi- 
nal arrhythmia. Thus the adverse prognosis, well 
recognised in this particular group of patients, was 
not improved by attempted thrombolysis. 

Four of the 45 patients who survived to leave hos- 
pital died (two suddenly, two remfarction) during 
follow up. The mortality rate was not higher than 
expected. For the remaining 41 patients, follow up 
lasted 11-22 months (average 15 5 months). Anti- 
coagulation should continue outside hospital in this 
group of patients, particularly in those with high 
grade lesions. During the follow up the incidence of 
reinfarction, angina, and dyspnoea was low, as has 
been found by other workers.1? The proportion of 
those with an open infarct related artery who went 
back to work was no different from that in those with 
a closed infarct related artery. 

Intravenous streptokinase admunistration in early 
myocardial infarction appears to be a promising, 
safe, and effective treatment which can be used by all 
medical intensive care facilities. In our patients 
modification of the early course by successful 
thrombolysis meant that other measures to preserve 
vascular patency could subsequently be used during 
acute hospital stay and follow up. Successful throm- 
bolysis will not modify the underlying coronary ar- 
tery disease, and streptokinase should not be viewed 
as a therapeutic “magic bullet’; adjuvant treatment 
with agents designed to assist in myocardial salvage 
are currently being explored as are second gener- 
ation fibrin-specific thrombolytic enzymes such as 
anisoylated plasminogen—streptokinase complex 
(BRL 26921)** or recombinant tissue type plas- 
minogen activator.°6~ +} 
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Treatment of angina pectoris with nifedipine and 
atenolol: efficacy and effect on cardiac function 


IAIN N FINDLAY, KAY MacLEOD, MARTIN FORD, GERARD GILLEN, 
ALEX T ELLIOTT, HENRY J DARGIE 


From the Department of Cardiology, Western Infirmary, Glasgow; and Department of Medical Physics and 
Bio-engineering, Glasgow 


SUMMARY The antianginal effects of nifedipine 20 mg three times a day and atenolol 100 mg once 
a day singly and in combination were investigated in 16 patients with angina pectoris. The 
amount-of work that could be done before angina and. ST depression appeared was significantly 
increased by atenolol and the combination but not by nifedipine. At peak exercise the number of 
leads on a 16 point precordial electrocardiogram map that demonstrated 21 mm ST segment 
depression was significantly reduced from a mean (SD) of 5-0 (0-4) on placebo to 3-7 (0-6), 
2:8 (0-4), and 2-3 (0-7) on nifedipine, atenolol, and the combination respectively. Mean resting left 
ventricular ejection fraction, assessed by gated radionuclide ventriculography, did not change 
during any active treatment phase but increased significantly during exercise only on nifedipine 
and the combination. 

The nifedipine/atenolol combination was the most effective treatment, and the data suggest 


that nifedipine may be used to best advantage in combination with a beta blocker. 


Despite the introduction of calcium antagonists, 
beta adrenoceptor blockers remain the standard 
treatment for chronic stable angina pectoris in the 
United Kingdom. But the differing and possible 
complementary actions of beta blockers and calcium 
antagonists suggest the possibility of a beneficial 
drug interaction; indeed several studies of the com- 
bination of nifedipine or verapamil and beta block- 
ers indicate an additive effect. 7? 

Concern has been expressed about the possible 
depressant effects of this combination on cardiac 
function, however,*~ © and, theoretically, reduction 
of sympathetic stimulation by beta blockade 
together with the intrinsic negative inotropic effect 
of calcium antagonism could depress myocardial 
contractility despite the peripheral vasodilating 
effect of the latter. 

.We have investigated: the antianginal effects of a 
calcium antagonist (nifedipine) and a beta blocker 
(atenolol) singly and in combination on symptoms, 
exercise induced ischaemia, and left ventricular 
function. 


Requests for reprints to Dr H J Dargie, Western Infirmary, 


Glasgow G11 6NT. 


Patients and methods 


PATIENTS 

We recruited sixteen male patients from the cardi- 
ology clinic of the Western Infirmary, all of whom 
had had chronic effort related angina pectoris with a 
stable pattern of symptoms for at least 3 months; 
none had pain at rest. The mean (SE) age of the 
group was 56(2) years (range 45-63). All had an 
unequivocally positive exercise test for ischaemia 
(20-1 mV ST segment depression for 80 ms after 
the J point) at the end of a two week placebo run-in 
period, during which all other antianginal medica- 
tion had been withdrawn. Coronary arteriography 
showed coronary artery disease in all patients; 10 
had triple, three had double, and three had single 
vessel disease. Eight had had a previous myocardial 
infarction and six patients were cigarette smokers 
who did not change their habit during the study 
period. 

Exclusion criteria included chronic obstructive 
airways disease, blood pressure > 160/100 mm Hg 
on no treatment, myocardial infarction within the 
previous 3 months, peripheral vascular disease, and 
previous congestive cardiac failure or pronounced 
conduction abnormalities on the electrocardiogram. 
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Written consent was obtained from all patients and 
the study was approved by the ethical committee of 
the Western Infirmary. 


TRIAL DESIGN 

There were four treatment periods each lasting 3 
weeks and comprising placebo, nifedipine 20 mg 
three times-a day, and atenolol 100 mg once daily 
singly and that combination. The order of adminis- 
tration was determined by a balanced latin square, 
and use of the double dummy technique ensured 
that all treatments were visually identical. 


SUBJECTIVE ASSESSMENT 

Patients completed diary cards for anginal frequency 
and glyceryl trinitrate consumption and they were 
instructed to follow their normal daily routine 
throughout the period of the trial; moreover patients 
were instructed to use glyceryl trinitrate to treat 
acute attacks of angina (but not dyspnoea) and were 
asked not’ to take it prophylactically. 


OBJECTIVE ASSESSMENT 

Supine bicycle exercise was carried out on two sepa- 
rate occasions, to record an exercise precordial map 
and to assess cardiac function by gated radionuclide 
ventriculography. 


EXERCISE PRECORDIAL MAPPING 

Exercise was performed on an electronically braked 
bicycle ergometer, and was started at 25 W. The 
workload was increased by 25 W every 3 minutes. 
Each patient was allowed to exercise to his max- 
imum; the end points were severe chest pain, dys- 
pnoea, intolerable fatigue, important arrhythmia, or 
fall in blood pressure. Immediately after exercise, 
ST segment change was recorded on a 16 point pre- 
cordial electrocardiograph map.’ Heart rate and 
blood pressure were recorded throughout the test. 


RADIONUCLIDE VENTRICULOGRAPHY 

The blood pool was visualised by in vivo labelling 
of the patient’s red blood cells with 800 mBq 
of technetium-99m. Scintigraphic images were 
obtained with a single crystal gamma camera (Ohio 
series 100) fitted with a high resolution parallel hole 
collumater interfaced to a Varian computer. Patients 
were studied while they were supine and imaging 
was carried out in the left anterior oblique projection 
at an angle that allowed optimum separation of the 
right and left ventricles and showed minimal inter- 
ventricular septal thickness (generally 35—45° left 
anterior oblique); a 10-15° caudal tilt was applied to 
allow image separation of the left atrium from the 
left ventricle and this position was kept constant for 
each patient throughout the study. 


Electrocardiogram gated equilibrium data were 
collected at rest for three minutes and during the last 
two minutes of supine bicycle exercise at the max- 
imum workload achieved during the placebo run-in 
period. The global left ventricular ejection fraction 
was calculated from the standard formula: end 
diastolic counts—end systolic counts/end diastolic 
counts~background counts using a peridiastolic 
background area along the left ventricular free wall. 

Statistical analysis was performed by Student’s 
paired z test unless stated otherwise. 


Results 


SUBJECTIVE ASSESSMENT 

When compared with placebo results the frequency 
of angina was reduced significantly by nifedipine 
(p <0-05) and atenolol (p < 0-02) singly and in com- 
bination (p<0-005). Glyceryl trinitrate con- 
sumption was reduced by atenolol (p < 0-02) and the 
combination (p<0-01), but during the nifedipine 
period this did not reach statistical significance 


(Fig. 1). 


OBJECTIVE ASSESSMENT 

Exercise precordial map 

There was no significant increase in total work done 
during treatment with nifedipine or atenolol when 
compared with placebo; only the combination 
significantly increased the total work done (mean 
(SE)) from 44(6) to 51(7) kJ (<0-05). Both 
atenolol and the combination significantly increased 
the work done to the onset of angina and to the onset 
of ST segment depression (p <0 05 and p<0 02 for 
atenolol and p < 0-005 and p<0-02 for the combina- 
tion respectively, by log rank analysis) è All active 
treatments reduced both the frequency of angina 
during exercise and the development of ST segment 
depression (Fig. 2). Angina pectoris was the limiting 
symptom ın 12, eight, three, and one of the patients 
on placebo, nifedipine, atenolol, and the combina- 
tion respectively. 

Immediately after exercise the mean (SE) number 
of leads showing >1 mm ST segment depression 
was reduced from 5 0(0 4) on placebo to 3-68 (0-6) 
(p<0-005), 2-81(0-4) (p<0-005), and 2 25(0-7) 
(p < 0-005) on-nifedipine, atenolol, and the combina- 
tion respectively. The mean (SE) total ST segment 
depression (mm) was reduced from 8-75(15) on 
placebo to 7-:0(1-9) (NS), 4-2(1) (p <0 001), and 
3-87 (1-5) (p < 0-005) on nifedipine, atenolol, and the 
combination respectively. 

Resting heart rate (mean (SE)) did not change on 
nifedipine (68(2) to 71(2) beats per minute), 
whereas both atenolol and the combination lowered 
resting heart rate significantly and to the same extent 


Findlay, MacLeod, Ford, Gillen, Elliott, Dargie 


Glyceryl trinitrate consumption 





Fig.1 Frequency of angina pectoris and glyceryl trinitrate consumption during each three week treatment period; values are 
mean (SE). P, placebo; N, mfediptne; A, atenolol; A +N, combination. 


(54 (2) and 54(2) beats per minute, p<0 001). Dur- 
ing exercise there was no significant difference in the 
peak rate pressure product (mean (SE)) on nif- 
edipine and placebo (230 (13) vs 234 (15) x 100) but 
there was a highly significant reduction on atenolol 
and the combination (177(8) and 174(11) x 100, 
p<0:001). 
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Fig.2 Number of patients developing angina pectoris or 
ST segment depression at maximum exercise. See legend to 
Fig. 1 for abbreviations. 


There were no deleterious effects on cardiac 
rhythm or conduction during any treatment phase. 


RADIONUCLIDE STUDIES 

Mean resting ejection fraction did not change 
significantly on any of the active treatment phases 
(Table), But when individual values were examined 
there was a correlation between the change in ejec- 
tion fraction on combination treatment and the rest- 
ing value on placebo (Fig. 3); in those patients with 
higher resting ejection fraction there was a fall, while 
in those with lower resting placebo values there was 
a slight rise; this was not evident when nifedipine or 
atenolol was given alone. During the exercise scan 
14, 11, three, and one patients developed angina on 
placebo, nifedipine, atenolol, and the combination 
respectively; during both nifedipine and combina- 
tion treatment there were statistically significant 
rises in left ventricular ejection fraction on exercise 
(Table). 

The normal response of left ventricular ejection 
fraction to maximum dynamic exercise in our labo- 
ratory is a rise 27%. On placebo four (25%) 
patients had a normal response despite the presence 
of angina in three, while on nifedipine eight (50%) 
had a normal response despite the presence of angina 
in six; on atenolol only one (6%) patient had a nor- 
mal rise in left ventricular ejection fraction despite 
13 of the 16 patients being free of angina; on the 
combination six (40%) patients had a normal rise in 
left ventriculer ejection fraction and only one patient 
developed angina (Table). 
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Table Left ventricular ejection fraction {LVEF ) response to dynamic exercise m the presence or absence af angina pectoris 


at time of acquisition. Mean (SE) 








Placebo Nifedipine Atenolol Combination 

Resting LVEF 60 (2) 60 (2) 60 (2) 58 (1) 

Exercise LVEF 63 (2) 65 (3) 61(2) 62 (2) 

p<002 p<0 005 

Angma pectoris during exercise 14 11 3 1 

Normal exercise LVEF 4 8 1 6 

Normal exercise LVEF despite angma 3 6 1 1 

Normal exercise LVEF without angina 1 2 0 5 

Discussion reduce the rate pressure product when compared 


In a previous double blind placebo controlled study 
of identical design nifedipine enhanced the anti- 
anginal effect of propranolol but when given alone it 
was less effective than the £ blocker.’ In general the 
present study confirms these findings for both nife- 
dipine and atenolol given singly or in combination. 
Although the mode of action of $ blockers in allevi- 
ating myocardial ischaemia by blunting the heart 
rate and blood pressure responses to exercise seems 
clear, the mechanism of action of nifedipine in exer- 
cise induced ischaemia is less obvious. Principally 
nifedipine is a vasodilator and it could act either by 
increasing coronary blood flow or by reducing myo- 
cardial oxygen consumption through its favourable 
effect on left ventricular afterload.°~'! In a clinical 
trial these effects are difficult to separate and the 
‘balance of effects on the coronary and peripheral 
circulations cannot be determined with certainty. 
If an increase in coronary blood flow had occurred 
in our patients then the severity of ischaemia at any 
given rate pressure product would have been less. 
Nifedipine did not prolong exercise duration or 





Fig.3 Change in resting left ventricular ejection fraction 
(ALVEF) during combination therapy. ALVEF equals 
result on combination minus result on placebo. 


Resting LVEF . 


with placebo but there was a modest reduction in 
the severity of ST segment depression at maximum 
exercise. Thus, these data do not exclude a small 
beneficial effect on coronary blood flow. But in 
patients with atheromatous coronary artery disease 
and effort related angina the most important anti- 
anginal effect may be reduction of myocardial oxy- 
gen consumption in relation to total external work 
done. It is not surprising therefore that atenolol, 
which considerably reduced the rate pressure 
product, had greater effects on exercise induced 
ischaemia than did nifedipine. 

Although hypotension and left ventricular failure 
have been described in anecdotal reports,!?~!* 
objective studies in which nifedipine was given to 
patients already established on a $ blocker have been 
reassuring.'5— 17 

The principal aim of the present study was to 
investigate in a double blind study the long term 
effects of this combination in patients with unim- 
paired, left ventricular function before treatment. 
We assessed this by radionuclide ventriculography 
both at rest and during exercise and we have shown 
that at rest there was no significant change in the 
mean left ventricular ejection fraction during any 
treatment period. The normal response of left ven- 
tricular ejection fraction to dynamic exercise is a rise 
of at least 5% 18720 and in patients with coronary 
heart disease failure to rise implies exercise induced 
myocardial ischaemia. Antianginal treatment, by 
preventing the development of ischaemia, might be 
expected to allow a normal response to exercise. But 
in our patients there was no improvement in left 
ventricular ejection fraction on atenolol during 
dynamic exercise, despite the presence of angina 
pectoris in only three patients. In normal subjects $ 
blockade impairs the ejection fraction response to 
exercise?! ?? whereas in controlled studies in 
patients with ischaemic heart disease both attenu- 
ation and enhancement have been reported.?3~75 If 
left ventricular ejection fraction falls considerably 
on exercise because of severe ischaemia, prevention 
of this by B blockade would be expected to improve 
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the ejection fraction response. But if ischaemia is 
mild as in our patients, then only a failure of the 
ejection fraction to rise normally on. placebo would 
be expected, with little change on B blockade. 

Only on nifedipine and the combination was there 
a statistically significant rise in exercise left ventric- 
war ejection fraction. On nifedipine this occurred 
despite the presence of angina in most patients. 
Possibly the reduction of léft ventricular afterload 
induced by nifedipine allowed a rise in left ventricu- 
lar ejection fraction despite the presence of myo- 
cardial ischaemia. On the combination the rise in left 
ventricular ejection fraction was associated with an 
almost complete abolition of angina pectoris which 
may have been due to the dual effects of afterload 
reduction induced by nifedipine and the abolition of 
myocardial ischaemia by atenolol. 

In summary, the combination of nifedipine and 
atenolol was the most effective antianginal treatment 
in this group of patients. In addition on the combi- 
nation, five patients had a normal left ventricular 
ejection fraction response to dynamic exercise 
together with the absence of angina pectoris. The 
combination was well tolerated and in those four 
patients who experienced a significant fall ın left 
ventricular ejection fraction on the combination 
there was no clinical or symptomatic evidence of 
cardiac failure. 

We conclude that the combination of atenolol 
and nifedipine is a safe and effective treatment of 
angina pectoris and is superior to either atenolol or 
nifedipine alone in patients with stable exertional 
angina pectoris. Indeed our data suggest that nife- 
dipine may be used to best advantage in combination 
with a f blocker rather than as a single agent. These 
results should not be extrapolated to other calcium 
antagonists or to patients with poor left ventricular 
function. 


I N F was supported by a grant from the British 
Heart Foundation. 
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Left ventricular function during isometric hand grip 
and cold stress in normal subjects 
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SUMMARY Both isometric exercise and cold stress have been suggested as alternatives to dynamic 
exercise for the detection of obstructive coronary artery disease. A non-imaging nuclear probe 
was used to measure left ventricular ejection fraction and relative left ventricular volumes con- 
tinuously during both of these stress tests in 24 normal subjects. There was a significant fal! in left 
ventricular ejection fraction within 15 seconds of subjects starting a two minute isometric hand 
grip test at 50% maximal voluntary contraction, with a mean (SE) maximal fall of 10% (1-8) after 
90 seconds. During two minutes immersion of the hand and wrist in iced water left ventricular 
ejection fraction fell significantly within 30 seconds with a mean maximal fall of 7% (1-7) after one 
minute. Nine subjects underwent repeat tests under identical conditions approximately two 
weeks later. The standard error of the change in ejection fraction on two occasions was 5:4% at 
rest, 7-0% at the peak of isometric exercise, and 4-8% at peak cold stress. 

These results indicate that the reproducibility of both of these stress tests is acceptable when 
they are performed under carefully controlled conditions. The resulting changes in ejection frac- 
tion are transient, however, and moreover depend upon the choice of stress protocol. The dis- 
crepancies between published reports of such studies in coronary artery disease may be mainly 
due to methodological differences, and neither test is likely to be of sufficient discriminative 
ability to distinguish between individuals with obstructive coronary artery disease and normal 
subjects. 


There are similarities between the cardiovascular re- 
sponses to isometric exercise and cold stress, and 
both have been advocated for the detection of ob- 
structive coronary artery disease.! * Isometric exer- 
cise in normal subjects increases blood pressure by 
30-35%, which together with an increase in heart 
rate produces a pronounced increase in the rate- 
pressure product. Cutaneous cold stimulation leads 
to a rise in blood pressure of 20-25% with little 
change in heart rate, although cold stress may also 
affect myocardial blood flow through an alteration in 
coronary artery tone.?* Left ventricular function 
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during both these interventions can be assessed non- 
invasively by radionuclide angiography, but the re- 
ported results have been conflicting.*~’ It is 
possible that some of the discrepancies have arisen 
as a result of differing patient selection, but there are 
also considerable methodological differences ın the 
reported studies. In this study we set out to in- 
vestigate the factors which may be important in de- 
termining the response of the left ventricle to these 
two stress tests. We used a non-imaging nuclear 
probe (Nuclear Stethoscope, Bios. Inc.) that allows 
continuous monitoring of precordial radioactivity 
from a °°"Tc labelled blood pool, to measure left 
ventricular ejection fraction and relative left ventric- 
ular volumes and to establish the temporal relation 
between these and other haemodynamic variables. 
We have also examined the reproducibility of the 
responses and the effect of differing isometric and 
cold stress protocols. 
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Left ventricular function during isometric hand grip and cold stress in normal subjects 


Patients and methods 


Twenty four male volunteers (mean age 32 years, 
range 25—43 years) took part in this study. All gave 
their informed consent and the study was approved 
by the hospital’s ethical committee. Volunteers were 
screened by a full clinical examination and resting 
and symptom limited treadmill exercise testing; 
none had a history of cardiac disease. 


STRESS PROTOCOL 

After 30 minutes of supine rest each subject per- 
formed isometric exercise with a hand grip dyna- 
mometer held at 50% of maximum voluntary 
contraction for two minutes. Five subjects also per- 
formed isometric exercise at 33% of maximum vol- 
untary contraction for three minutes. Subjects were 
asked to count out aloud during isometric exertion 
and were observed closely for any tendency to per- 
form a Valsalva manoeuvre. A cold stress test was 
performed by immersing a hand and wrist ın iced 
water for two minutes. In five of these subjects the 
cold stress test was repeated with an immersion pe- 
riod of three minutes. Blood pressure was recorded 
every minute during stress and after three and five 
minutes of recovery by means of indirect auscul- 
tatory techniques, and heart rates were recorded 
from the cathode ray tube of the nuclear probe. Af- 
ter an average of two weeks (range 1—4) nine subjects 
underwent an identical programme of stress testing 


to establish the reproducibility of the responses. 
ry 


RADIONUCLIDE TECHNIQUE 

The blood pool was labelled in vivo with stannous 
pyrophosphate (Pyrolite, New England Nuclear) 
followed 30 minutes later by 200 mg of sodium 
perchlorate and 740 MBq of 9°" Tc. We used estab- 
lished routines to position the nuclear probe over the 
left ventricle.2~'° Background activity was deter- 
mined at the beginning of the investigation and be- 
fore each intervention. The background and left 
ventricular regions of interest were marked and the 
probe was held in position during all interventions 
to limit errors due to movement. The background 
activity was also recalculated and corrected if neces- 
sary after one minute of each stress test in 14 sub- 
jects. 

In 19 subjects multiple electrocardiogram gated 
left ventricular time-activity curves were generated 
at rest and at peak stress. In the gated mode 10000 
counts per 10 ms were collected to obtain a gated left 
ventricular time-activity curve with a standard devi- 
ation of 1% caused by radioactive decay. 
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CONTINUOUS MEASUREMENT OF LEFT 
VENTRICULAR TIME-ACTIVITY CURVES 
A continuous analogue signal representing the time 
course of activity was also obtained from the nuclear 
probe. The pulse output of the photomultiplier 
preamplifier was taken directly to an external pulse 
amplifier (Ortec Model 485) and thence to a rate me- 
ter (Ortec 441) whose time constant was set at 50 ms. 
The analogue voltage output of this rate meter was 
passed, unfiltered, to a galvanometric pen recorder 
(0-75 Hz bandwidth; Watanabe Linearcorder Series 
V). By this means, the nuclear probe’s own rate- 
meter and filters were bypassed, so that the signal 
reaching the chart recorder was known to be free of 
important distortion. The background counts were 
also plotted on the chart recorder before and during 
each test. ` 

The recordings from 16 subjects were later ana- 
lysed by hand measurement of 15 beats after the ini- 
tial 15 seconds and then every 30 seconds. Left ven- 
tricular ejection fraction was calculated for each 
cardiac cycle and averaged to produce a value which 
was expressed to an accuracy of one ejection fraction 
unit. Relative end systolic volume, end diastolic vol- 
ume, and stroke volume were also calculated every 
30 seconds, and serial changes were expressed as a 
percentage of the resting values. 


STATISTICAL METHODS 

Ejection fractions at rest and peak of cold stress or 
isometric hand grip were compared by Student’s t 
test (two tailed). Ejection fraction, heart rate, and 
blood pressure data obtained by continuous record- 
ings were analysed by analysis of variance. Dun- 
nett’s ¢ test was then used to compare resting values 
with each of the subsequent time points. Repeat 
measurements ın the same subjects to assess re- 
producibility were analysed by three way analysis of 
variance. 
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Fig. 1 Individual changes tn left ventricular ejection 
fraction from rest to peak cold stress (CS) and peak 
isometric handgnp (IHG). Mean (SE) ts indicated. 
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Results 


The mean (SD) count rate at rest was 4478 (599) 
counts/50 ms and the background counts were 
57 (4)% of the mean count rate. Background counts 
increased by 5(11)% during isometric exercise and 
by 3(8)% during cold stress. Neither of these 
differences was statistically significant. 

Fig. 1 shows the individual responses of left ven- 
tricular ejection fraction measured in the gated 
mode at rest and at the peak of both interventions. 
The mean (SE) resting left ventricular ejection frac- 
tion was 60(1 2) before cold stress and fell to 56% 
(1-9) after two minutes, a mean fall of 45% 
(p<0-01). Before isometric hand grip, the resting 
left ventricular ejection fraction was 61% (1:1); this 
fell to 52% (2-0) after 2 minutes hand grip, a mean 
fall of 9-3% (p<0-001). 

Measurement of the mean ejection fraction after 
15 seconds and then every 30 seconds showed that 
cold stress produced a significant fall in ejection 
fraction after 30 seconds with a mean maximal fall of 
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Fig.2 Mean (SE) response of systolic and diastolic blood 
pressure (BP), heart rate, and ejection fraction (EF) to rwo 
minutes’ cold stress (n= 15). *p<0 05, **p <0 01 when 
compared with value at rest. 
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7% occurring after one minute (Fig. 2). The ejection 
fraction subsequently increased but was still 6% be- 
low the resting value after two minutes. The recov- 
ery from cold stress was protracted; and left 
ventricular eyection fraction had still not returned to 
baseline levels after five minutes. 

In contrast, isometric exercise (Fig. 3) produced a 
significant fall in ejection fraction after 15 seconds, 
reaching a nadir after 90 seconds. The recovery 
phase after stopping the hand grip was more rapid 
than with cold stress and the mean values were not 
significantly different from baseline at three minutes 
with an overshoot at five minutes. The fall in ejec- 
tion fractian induced by isometric hand grip was 
significantly different from that induced by cold 
stress only after 90 seconds of stress (p < 0-05). 

Cold stress did not produce a significant change in 
mean heart rate. The maximum rise in blood pres- 
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Fig.3 Mean (SE) response of systolic and dtastolse blood 
bressure (BP), heart rate, and ejection fraction (EF) to two 
minutes’ isometric hand grip at 50% maximum-voluntary 
capacity (n=15).*p<0 05; **p <0 01 when compared 
with value at rest. 
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Fig.4 Mean (SE) percentage change in relatrve end 
systolic volume (ESV), end diastole volume (EDV), stroke 
volume (SV), and ejection fraction (EF) during two 
minutes isometric hand grip (IHG) and cold stress (CS). 


sure occurred after one minute and therefore oc- 
curred at the same time as the maximum fall in 
ejection fraction. Isometric exercise produced a 
significant increase in heart rate and a pronounced 
increase in the blood pressure with a maximum mea- 
sured rise after two minutes. 

In order to obtain an estimate of changes in rela- 
tive left ventricular volumes, changes in total counts 
were assumed to be proportional to changes in vol- 
ume. Figure 4 shows the percentage change from 
rest in relative end systolic volume, end diastolic 
volume, stroke volume, and ejection fraction. Iso- 
metric exercise produced a maximum increase of 
29% in end systolic volume and 14% ın end diastolic 
volume (p<0-001) with a maximum decrease in 
stroke volume of 17% and ejection fraction of 24% 
(p <0-001). Cold stress induced a maximum increase 
of 18% in end systolic volume (p <0 001) and 7% in 
end diastolic volume (p <0-01) and a maximum fall 
of 10% in stroke volume and 14% in ejection frac- 
tion (p<0-01). 

The response of the left ventricular ejection frac- 
tion to two and three minutes of cold stress is shown 
in Fig. 5. The mean fall in ejection fraction was 
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identical during both stress periods after two 
minutes (8% below baseline). When cold immersion 
was prolonged for three minutes the ejection frac- 
tion remained significantly depressed until the end 
of the stress period. Figure 6 shows the ejection frac- 
tion response to two minutes and three minutes of 
isometric hand grip. Two minutes’ exertion at 50% 
maximum voluntary contraction induced a maxi- 
mum fall in ejection fraction of 12% after 90 seconds 
with recovery at two minutes. Three minutes of 1so- 
metric hand grip at 33% maximum voluntary con- 
traction induced a fall of 7% at 90 seconds which 
then remained depressed until the end of exercise. 

There were no statistically significant differences 
between the falls in ejection fraction during two 
minutes and three minutes of cold stress or two 
minutes and three minutes of isometric exercise; 
however, the number of subjects may have been too 
small to establish such a difference. 

Nine subjects underwent repeat testing two weeks 
later (range 1-4 weeks). The standard error of the 
change in ejection fraction on the two separate occa- 
sions was 5:4% at rest, 48% for cold stress, and 
7-0% for isometric exercise. 


Discussion 
Early studies of isometric exercise suggested that 


measurement of the haemodynamic response to this 
form of exertion may provide a useful index of myo- 
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Fig.5 Mean (SE) left ventricular ejection fraction during 


two minutes’ and three minutes’ cold stress (n=5). 
**p < 0-01 when compared with values at rest. 
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Fig.6 Mean (SE) left ventricular ejection fraction during 
two minutes’ wometric hand grip at 50% maximum 
voluntary capacity and three minutes’ isometric hand grip at 
33% maximum voluntary capaaty (n=5) *p <0 05; 
**p< 0-01 when compared anth values at rest. 


cardial dysfunction.” Helfant et al, however, found 
isometric exercise to be of no value for the detection 
of coronary artery disease and suggested that the m- 
crease in diastolic blood pressure that occurs during 
the test may prevent the development of myocardial 
ischaemia.'! Using radionuclide techniques, Boden- 
heimer et al suggested that the assessment of re- 
gional ejection fraction during isometric hand grip 
may also be of value,!? but more recently the same 
group of workers found a specificity of only 50% for 
the detection of coronary artery disease when con- 
sidering global ejection fraction. During cold 
stress, Wainwright et al reported a clear separation 
in the response of left ventricular ejection fraction 
between normal subjects and patients with coronary 
artery disease or cardiomyopathy,!? whereas Jordan 
et al and Wasserman et al were unable to detect a 
clinically important difference between normal and 
diseased subjects.° 7 In one of these studies, the fall 
in left ventricular ejection fraction im response to 
cold was slightly more pronounced in normal sub- 
jects than in patients with coronary artery disease.® 
Using techniques similar to our own, Giles er al 
found a mean fall of 11% ın both patients and con- 
trols in response to cold stress and isometric hand 
grip.'* These studies were limited to the in- 
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vestigation of ejection fraction, however, and little 
attention has been paid to changes in relative vol- 
umes, 

Several factors may be responsible for this wide 
variation in reported results. These include differing 
selection criteria for both patients and normal con- 
trols. In previously reported studies normal controls 
were patients who had undergone coronary arte- 
riography for investigation of chest pain, with nega- 
tive results.” ° This group of patients has been 
shown to have a highly variable response when the 
ejection fraction during dynamic exercise is stud- 
1ed.!5 It is debatable therefore whether they should 
be considered as truly normal, particularly when 
their response to cold stress 1s measured. 

Protocols for isometric hand grip have ranged 
from two minutes exertion at 50% maximum volun- 
tary contraction to three or four minutes at 30% 
maximum voluntary contraction,!? t6 and for cold 
stress from two to five minutes of hand im- 
mersion.°7 In all these studies different radio- 
nuclide techniques have also been used including 
gated radionuclide angiography with a data acquisi- 
tion time of two to five minutes® and first pass 
radionuclide angiography with both 9°"Tc!® and 
195m Au.!7 

The nuclear stethoscope has been fully validated 
for the measurement of resting left ventricular ejec- 
tion fraction.*° In a recent study of 54 patients we 
compared the resting left ventricular ejection frac- 
tion measurements from the nuclear probe with 
those from a gamma camera.'®!° The mean (SE) 
difference between the two methods was 1-4(0-8)%, 
confirming the validity of the nuclear probe. It is 
reasonable to expect this accuracy to apply during 
isometric hand gmp and cold stress, which involve 
no additional patient movement. One important 
source of error during these interventions might be 
expected from significant changes in background ac- 
tivity. We are able, however, to reassess background 
counts during each stress test and make any neces- 
sary corrections. Using a positron camera, Nichols et 
al have shown that cardiopulmonary blood volume 
increases in patients with coronary artery disease 
during exercise testing.” The background counts in 
our normal population may not, however, be appro- 
priate when applied to patients. 

The overall fall in ejection fraction of 4:5% ob- 
tained by gated measurement at the peak of cold 
stress is in the middle of the range of other reported 
studies in “normal” subjects (+3% to 
—11%).* 1121 Only three of our subjects increased 
their ejection fraction during cold stress and in seven 
a fall of >48% developed. The maximum fall oc- 
curred after one minute, in keeping with the results 
obtained by Dymond et a/.'7 When the cold stress 
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test was prolonged for three minutes, the ejection 
fraction remained depressed for the period of the 
intervention and the recovery was again slow. These 
results are in contrast with those obtained by Many- 
ari et al who demonstrated an abnormal ejection 
fraction response in only two out of 20 “normal” 
subjects.?} 

The mean fall in left ventricular ejection fraction 
of 9-3% in response to 50% maximum voluntary 
contraction during isometric hand grip contrasts 
with one earlier study reporting a rise of 3%, but 
compares well with more recent studies reporting a 
7-12% fall.5!! Fifteen of our subjects decreased 
their ejection fraction by more than 7% and only 
two subjects demonstrated an increase in ejection 
fraction at peak intervention. The maximal fall dur- 
ing 50% maximum voluntary contraction occurred 
after 90 seconds with a slight recovery at two 
minutes, This is probably related to the fact that 
subjects found it difficult to maintain this degree of 
contraction, and some relaxation of grip occurred. 
During three minutes of hand grip at 33% maxi- 
mum voluntary contraction left ventricular ejection 
fraction was less severely affected, but remained de- 
pressed for the duration of the stress. It was appar- 
ent that the subjects were better able to maintain this 
degree of grip. 

Our measurements of resting left ventricular 
ejection fraction made with the nuclear probe on 
two occasions showed a standard error that 
resembles those reported in other studies in which 
the non-imaging nuclear probe?!® and gamma 
cameras**~ 24 were used. The standard error of the 
ejection fraction at the peak of cold stress was similar 
but the response to isometric hand grip was less re- 
producible. 

The findings in this study are not surprising in the 
light of the sequence of physiological events. Both 
these stress tests lead to an increase in aortic 
diastolic pressure. The normal left ventricle must 
first overcome this pressure during the iso- 
volumetric phase of contraction before blood is ejec- 
ted. As the aortic pressure begins to rise, the volume 
of blood ejected from the left ventricle will be re- 
duced for the first few beats. If the aortic diastolic 
pressure were then maintained at a constant level the 
ventricle would restore the initial ejection fraction 
by the Frank-Starling mechanism. As the systemic 
diastolic pressure continues to rise, a progressive fall 
in ejection fraction occurs until the point at which 
blood pressure decreases. This sequence of events is 
important in determining the left ventricular re- 
sponse, irrespective of the presence or absence of 
coronary artery disease. 

There was considerable inter-subject variability 
in response to both of these stress tests. There was 
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only moderate agreement between repeat mea- 
surements under stress conditions in any individual 
although for the group as a whole the reproducibility 
was good. This intra-subject variability may in part 
have reflected the methods we used, although ne- 
ther of these interventions provoked any additional 
patient movement, particularly of the chest wall. 
Our results suggest that the maximum fall in left 
ventricular ejection fraction does not necessarily oc- 
cur at the peak of the stress and therefore techniques 
requiring data acquisition times of two to five 
minutes may, as a result of the inherent averaging 
which occurs, underestimate the induced changes. 

In conclusion therefore, it appears that a combi- 
nation of inter-subject variability and considerable 
methodological differences have contributed to the 
reported discrepancies between published reports. 
These factors, as well as the physiological responses 
to these stress tests, are likely to limit severely the 
usefulness of these tests for the detection of coronary 
artery disease, particularly in an unselected popu- 
lation. 


We thank Mr D Hinge, Mr J Tovey, and Dr 
Heather Prince for their technical help and Mr John 
C W Crawley for his advice. 
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Diurnal variation of the QT interval—influence of 
the autonomic nervous system 
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Huddinge, Sweden; and {St Bartholomew’s Hospital, London 


SUMMARY To assess the influence of diurnal changes in the autonomic nervous system on the 
QT interval, 24 hour dynamic electrocardiographic monitoring was performed in six pacemaker 
dependent patients with normally innervated hearts, in six cardiac transplant patients with anat- 
omucally denervated hearts (but which respond to circulating catecholamines), and in nine di- 
abetic patients with confirmed autonomic neuropathy. QT and RR intervals from hourly 
intervals were measured and Bazett’s formula was used to correct QT intervals during sinus 
rhythm. All QT intervals were normalised by dividing by the mean QT for the 24 hours in each 
patient and were expressed as a percentage. There was pronounced diurnal variation of nor- 
malised QT in the patients with normally innervated hearts. QT intervals were longer during 
sleep than during waking hours (06.00 vs 18.00h, 102:5% ws 97-89%). Diurnal variation was 
blunted in the transplant patients (101-3% vs 98-1%) and absent in the diabetic patients (100-0% 
vs 100-3%). In the normally innervated patients changes were most pronounced at the time of 
waking (06.00 vs 09.00h, 102:5% vs 95-4%,). There was no change in normalised QT in the 
transplant and diabetic patients at this time. There was no significant difference between nor- 
malised QT for the three groups during sleep, but this variable was shorter in innervated patients 
during waking hours (for example at 10.00h, innervated 96:5%, transplant 100-7%, diabetic 
100-7%). Diurnal changes of the QT interval may be pronounced in the innervated heart and are 
dependent on both variations in autonomic tone and concentrations of circulating cate- 
cholamines. These changes in repolarisation may be related to the reported diurnal pattern of 
ventricular arrhythmias. i 


The QT interval on the surface electrocardiogram is 
an indirect measure of myocardial depolarisation 
and repolarisation. Abnormalities of the QT inter- 
val, which indicate abnormal repolarisation, have 
been linked with the development of ventricular 
arrhythmias, pmmnicipally in the long QT 
syndromes!~? and after myocardial infarction.* $ 
Recently there has been considerable interest in the 
dynamic nature of the QT interval, both normal and 
pathological,® and in particular it has been suggested 
that the QT interval may be increased during sleep 
independently of any changes in heart rate.” The 
possible mechanism of this lengthening remains 
speculative. 

There are pronounced changes in autonomic bal- 
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ance during sleep, with either an ‘increase in para- 
sympathetic tome or a decrease in sympathetic 
activity or both, depending on the phase of sleep.’ 
There is also a diurnal variation in circulating endo- 
genous catecholamimes—catecholamine output is 
lower during the night.’ !° All of these factors could 
influence myocardial repolarisation, and thus the 
QT interval, independently of any changes in heart 
rate that they may produce. 

We have attempted to ascertain whether there is 
diurnal variation of the QT interval, and by using 
groups of patients with varying degrees of cardiac 
denervation to gain insight into the possible auto- 
nomic mechanisms involved. 


Patients and methods 
PATIENTS 


Three groups of patients were investigated. 
Group A consisted of six patients with permanent 
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implanted constant rate ventricular demand pace- 
makers. Their ages ranged from 62 to 84 (mean 73) 
years and four were men. All patients were totally 
pacemaker dependent with no sinus or fusion beats 
during any electrocardiographic recording. These 
are patients with normally innervated hearts which 
respond both to changes in neurally mediated auto- 
nomic tone and to circulating catecholamines. 

Group B consisted of six orthotopic cardiac trans- 
plant recipients. Their ages ranged from 25 to 50 
(mean 37) years and all six were men. They were 
studied 4 to 18 (mean 13) months after operation and 
at the time of this investigation all patients were 
completely symptom free with no haematological, 
biochemical, or electrocardiographic evidence of re- 
jection. All patients were taking prednisolone and 
azathioprine as routine immunosuppressive treat- 
ment, Within 48 hours of the ambulatory moni- 
toring reported below, the patients had undergone 
electrophysiological evaluation during which. vari- 
ous physiological manoeuvres, including carotid si- 
nus massage, the cold pressor test, and the Valsalva 
manoeuvre had been performed.!! In no case was 
there a change in either donor heart rate or any con- 
duction interval, confirming the persistence of func- 
tional cardiac denervation. Thus these are patients 
with anatomically denervated hearts which respond 
solely to circulating catecholamines. 

Group C consisted of nine insulin dependent 
diabetic patients. Their ages ranged from 32 to 61 
(mean 43) years and seven were men. All had two or 
more of the following: symptoms suggestive of auto- 
nomic neuropathy-—-impotence, postural hypo- 
tension, diarrhoea, perspiration problems, 
hypoglycaemia unawareness, and gastric stasis 
symptoms and all had abnormal cardiovascular 
reflexes indicating both cardiac parasympathetic and 
more widespread sympathetic damage. Heart rate 
response to the Valsalva manoeuvre, to deep breath- 
ing, and to standing (for parasympathetic damage) 
and the blood pressure response to standing and to 
sustained handgrip (for sympathetic damage) were 
tested. !? 

All patients in the three groups met the following 
criteria: (a) they were not on medications known to 
influence the QT interval, (6) they had no or very 
infrequent atrial or ventricular premature beats, and 
(c) in those patients in sinus rhythm (groups B and 
C), there was no evidence of bundle branch block. 
Apart from one diabetic patient with known coro- 
nary artery disease, no other patient in the three 
groups had important confirmed ischaemic or struc- 
tural heart disease. 


METHODS 
All patients underwent at least 24 hours of con- 


Bexton, Vallin, Camm 


tnuous ambulatory electrocardiographic moni- 
tomng on either four inch reel to reel two channel 
tape recorders or two channel cassette recorders 
(groups A and B) or single channel cassette record- 
ers (group C). No attempt was made to control the 
patient’s activities during the 24 hours of moni- 
toring; however, all patients had a conventional 
daily activity pattern—that is they slept at night and 
were active during the day. Tracings of approxi- 
mately 10 QRS complexes were printed out every 
hour for’each patient. The RR and QT intervals for 
each hour were measured blindly and in random or- 
der by two observers, who were unaware of the pa- 
tient’s name and the hour of the day but not, because 
of the differing recording equipment used and the 
presence-of paced beats,’the group. Each observer 
averaged the results of two or three complexes, and 
then the results of the two observers were averaged. 
The QT interval was measured from the beginning 
of the Q wave to the poimt-at which the T wave re- 
turned to the isoelectric line. QT intervals during 
sinus rhythm were corrected for heart rate by means 
of Bazett’s correction (QTc = QT/RR®®, with the 
RR interval expressed in seconds).'* To overcome 
any bias engendered by the longer measured QT in- 
tervals of the ventricular paced complexes (that is 
because a similar percentage change would produce 
a greater absolute change), all QT intervals were 
normalised by dividing by the mean QT interval for 
the 24 hours in each patient and were expressed as a 
percentage. 


STATISTICAL ANALYSIS 

All values are quoted as the means and one standard 
deviation. We compared data by Student’s two 
tailed ¢ test for paired and non-paired data. 
Differences of p<0 05 were regarded as significant. 


Results 


Group A—AI] patients had multiprogrammable 
ventricular pacemakers (Medtronic 5985) which 
were programmed to the same pacing rate (70 beats 
per minute) at the time of this study. There was a 
pronounced diurnal variation in the normalised QT 
interval over the 24 hours, with significantly longer 
QT intervals during sleep than during waking hours 
(see Table and Fig. 1) (for example 06.00h vs 
18.00 h, p<0-01; 05.00h vs 17.00h, p<0-01). The 
QT interval tended to lengthen during the hours of 
sleep with the longest intervals being recorded at 
05.00h. The biggest changes occurred at the time of 
wakening. The QT interval shortened from 103-4% 
at 05.00h to $5-4% at 09.00h (p<0-001). The mean 
measured QT interval for this group was 461 ms, 
and this shortening therefore represents, in absolute 
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Diurnal variation of the QT interval 


Table Normalised QT intervals for the three groups over 
the 24 hour period 
Time Group A Group B Group C 
(kh) (V paced) (transplants) (diabetics) 
13 00 950 99 8 98 7 
14 00 950 98 1 99 9 
15 00 957 99 2 100 4 
16 00 96 8 98-9 97 
17 00 98 1 98 5 99 8 
18.00 97 8 98 1 100 3 
19 00 98-7 98 1 100 0 
20.00 100 0 98 3 100 9 
21 00 978 971 995 
22.00 979 993 100 6 
23.00 100 0 98 5 995 
24.00 101 9 100 5 100-4 
01.00 1012 1013 99 6 
02 00 1012 1014 100 2 
03 00 1011 101 2 999 
04.00 102 3 100 6 1001 
05.00 + 103 4 101-5 1005 
(05 30) (103 0) £ = 
06.00 1025 1013 100-0 
(06.30) (101 3) — ~ 
00 101 2 1024 997 
(07.30) (99 1) =< se 
08.00 959 100 6 994 
09.00 954 102 2 100:3 
10.00 965 100 7 1007 
11.00 954 101 9 98-4 
12.00 957 100 5 1003 


All values are in percentages V, ventricular. 


terms, a change of 37 ms in the measured QT. The 
shortening was maintained during the active hours 
of the day and then the QT interval gradually 
lengthened during the evening. The average 
difference between- definite sleeping hours 
(01.00-06.00h) and definite waking hours 
(10.00-22.00h) was 50% or 23ms in absolute 
terms. Having analysed the data as indicated in the 
methods section, we retrospectively analysed the in- 
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tervening 30 minute intervals at the time of the most 
rapid change and these are included in the Table in 
parentheses. 

Group B--There was little variation in mean 
hourly heart rate over the 24 hours in group B 
patients—the maximum to minimum heart rate 
difference being 17 2 beats per minute (Fig. 2). The 
greatest difference in maximum and minimum heart 
rate in any one of the patients was 29 beats per 
minute. Diurnal variation of the QT interval was 
present but was considerably blunted with only 
slightly longer QT intervals during sleep than dur- 
ing waking hours (Table and Fig. 1). At no time did 
the difference between a sleeping hour and a waking 
hour achieve statistical significance. In contrast with 
the normally innervated patients (group A) there 
was no change in the QT interval at the time of wa- 
king. The average difference between definite sleep- 
ing and waking hours was 2-1% (in absolute terms 
9 ms). 

Group C-—As with group B patients there was 
little variation in mean hourly heart rate, maximum 
to minimum heart rate difference being 175 beats 
per minute (Fig. 2). The greatest difference in max- 
imum and minimum heart rate in any one patient 
was 37 beats per minute. Diurnal variation of the 
QT interval was completely absent with no 
difference between sleeping and waking hours 
(Table and Fig. 1). The average difference between 
definite sleeping and waking hours was 011% Gn 
absolute terms 0-5 ms). 

Figure 1 shows that there are no significant 
differences in normalised QT interval among the 
three groups during the hours of sleep, although 
there was some lengthening in the innervated pa- 
tients before waking. The QT interval, however, 
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m Group B (transplant) 
A Group C (diabetic) 
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Fig. 1 Normahsed QT tnterval plotted against absolute time of day for group A (paced patients), group B 


(transplant patients), and group C (diabetic patients). 
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Fig. 2 Mean hourly heart rate plotted against absolute time of day for transplant patients and diabetic 


patients. 


was, significantly shorter during waking hours in 
those with innervated hearts (for example at 10.00h 

‘group’ A, 965%; group B, 100-7%; group C, 
100:7% (p <0-01)). The interobserver differences in 

` measured QT were small—for example for all mea- 

„surements in group A patients the differences 
ranged from 0 to 20 (mean 2 3 ms). 


Discussion 


These data confirm the previous work of Browne 
etal mdicating that the QT interval is prolonged 
during sleep.” The methods and patient groups that 
we studied meant that we were able to gain some 
_insight into the possible physiological mechanisms. 
Browne etal suggested that this prolongation may 
reflect either increased vagal tone or sympathetic 
withdrawal, in other words a net increase in para- 
sympathetic tone. They made no mention of the 
possible role of circulating catecholamines, which 
are known to influence the QT interval.!* Also be- 
cause they compared RR intervals of identical dur- 
ation during wakefulness and sleep, they were not 
able to comment on the possible time course of 
events. 

When the effect of an intervention on the QT in- 
terval is assessed it is usual to correct for changes in 
heart rate.!? 15 When there is a considerable change 
in heart rate, however, the application of a cor- 
rection factor such as Bazett’s formula may lead to 
spurious and misleading results.!6718 Bazett’s for- 
mula may only be accurate when the heart rate is 
between 50 and 115 beats per minute,’® and more 
recently some workers have suggested an even 
smaller range of rates (RR intervals, 700ms to 
1050 ms).” To circumvent this problem Milne et al 
suggested that the effects of an intervention on the 
QT interval should be assessed at identical atrial!” 
or. ventricular! paced rates. In this study we as- 
sessed patients at ventricular paced rates. It could be 
argued that the absence of changes in the transplant 
and diabetic patients is related to errors engendered 
by the use of Bazett’s correction in these groups. 
Figure 2, however, shows that the variation in heart 


rate in these two groups is extremely small and 
within the range over which Bazett’s correction is 
probably valid. 

For a long time it has been accepted that the heart 
rate slows during sleep and that this is related to 
considerable diurnal changes in the autonomic ner- 
vous system.?°?! It was initially felt that this fall in 
heart rate during sleep was entirely related to an in- 
crease in parasympathetic tone.?° Samaan in 1934, 
however, suggested that there was an additional de- 
crease in sympathetic activity.** More recent work, 
in which different kinds and degrees of heart de- 
nervation were studied, has also indicated that both 
an increase in vagal tone and decreased sympathetic 
discharge occur, depending on the phase of sleep.® 
After complete cardiac denervation by combined bi- 
lateral vagotomy and stellectomy the decrease in 
heart rate during sleep, although markedly reduced, 
still occurred.® There is also a circadian variation in 
concentrations of circulating endogenous cate- 
cholamines.!” In the study by Barnes et al, the high- 
est values of plasma adrenaline were recorded at 
16.00 h and the lowest values at 04.00h.'° 

All of these autonomic factors, as well as affecting 
heart rate, have been shown to influence the QT in- 
terval independent of any changes in rate. Assess- 
ment of the QT interval by the pacing technique 
mentioned previously has shown that loss of para- 
sympathetic tone induced by atropine shortens the 
QT interval!? ?? and ventricular effective refractory 
period?‘ and that loss of sympathetic tone induced 
by propranolol either has no effect’! 23 or may tend 
to prolong!” the QT interval and ventricular refrac- 
tory periods.** Thus both the increase in parasym- 
pathetic tone and decrease in sympathetic activity 
occurring during sleep® will tend to lengthen the QT 
interval independently of the slowing in heart rate. 
Similarly the infusion of catecholamines has been 
shown to sherten the QT interval, again indepen- 
dently of rate changes,'* suggesting that the low 
concentrations encountered during sleep will lead to 
a relative lengthening of this interval. 

Thus the autonomic changes occurring during 
sleep will all tend to lengthen the QT interval. That 
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this actually occurs is ustrated by the normally in- 
nervated patients in group A who had significantly 
longer QT intervals during sleep than during 
waking hours. The QT interval tended to lengthen 
during the hours of sleep, with the longest intervals 
being seen at 05.00 h when the concentration of cir- 
culating catecholamines is at its lowest!® and when 
previous studies have documented that the heart rate 
is slowest.?! 75 The QT interval shortened rapidly 
during the hours of waking, during which plasma 
adrenaline concentrations are rapidly rising,!° and 
there 18 inhibition of the parasympathetic cardio- 
inhibitory centre at the time of arousal.? Obviously 
other factors such as physical exertion and meals 
may have influenced the QT interval during waking 
hours but these activities probably only account for 
a minor portion of the data collected for each patient 
and are presumably similar in the three groups. 

Diurnal vanation of the QT interval was still ap- 
parent in the transplant patients, with longer QT 
intervals during sleep, although the changes were 
not significant and were considerably blunted com- 
pared with those in the innervated group. The trans- 
planted heart seems to remain functionally and 
anatomically denervated indefinitely,?ć ?7 although 
it responds appropriately to catecholamines.?® Thus 
any changes observed in the QT interval, corrected 
for heart rate, must be related to changes in the con- 
centration of circulating catecholamines. Although 
the QT interval in this group tended to lengthen 
towards the end of sleep, it is interesting that the 
longest QT interval was delayed by approximately 
two hours compared with that in innervated patients 
and did not coincide with the time at which circu- 
lating catecholamines might be expected to be at 
their lowest concentration.'° The reason for this ap- 
parent discrepancy is unclear. 

In the diabetic patients, who had proven auto- 
nomic neuropathy, there was no diurnal variation of 
the QT interval. These patients with advanced, 
symptomatic cardiac parasympathetic and more 
widespread sympathetic damage do not respond to 
neurally mediated changes in autonomic tone.’? It 
has also been shown that plasma catecholamine con- 
centration is reduced in long term diabetics with 
signs of somatic neuropathy and indeed that there is 
a close correlation between this reduction in plasma 
catecholamine concentration and the degree of auto- 
nomic neuropathy,”? which was quite severe in the 
group C patients. Long term diabetic patients may 
also show an abnormally blunted plasma cate- 
cholamines response to manoeuvres such as stand- 
ing.?? Unfortunately data on the diurnal variation of 
catecholamines in diabetics with proven neuropathy 
are not available. 

It 1s apparent from these data that there is diurnal 
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variation of the QT interval in the normally inner- 
vated heart which may be quite pronounced. This 
variation appears to be dependent, perhaps to an 
equal extent, on changes in both neurally mediated 
autonomic tone (presumably predominantly height- 
ened parasympathetic tone during sleep) and on the 
circadian variation in circulating catecholamines. 
Several studies have shown that sleep is associated 
with a decrease in both the frequency and severity of 
ventricular arrhythmias both in patients with 1s- 
chaemic heart disease and in healthy subjects.°°~ 3? 
It is therefore interesting to note that in the inner- 
vated patients (group A) the longest QT intervals, at 
a constant heart rate, occurred at the same stage of 
sleep that previous studies have documented the 
lowest frequency of arrhythmias.*? It is tempting to 
suggest that those autonomic factors which lengthen 
the QT interval may, wndependently of any effect 
they may have on heart rate, reduce the temporal 
dispersion of refractoriness and thus the tendency 


for arrhythmias. 
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Frequency of extrasystoles in healthy male employees 
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SUMMARY To determine reference values for ectopic activity 147 actively employed healthy men 
aged from 15 to 65 years were examined by 24 hour Holter monitoring during their ordinary daily 
activities. Age was the only risk factor significantly associated with supraventricular and ventric- 
ular extrasystoles. During a six year follow up only two men died. In‘both: the frequency of 
ventricular extrasystoles had been high, but neither of them died from cardiovascular disease. 
Because the distribution of the frequency of extrasystoles in the study group was highly skewed 
a percentile distribution was used to determine normal values. This distribution showed that 
95% of men aged 15-39 years had <2-9 ventricular extrasystoles per hour and the same propor- 
tion of men aged 40 years or older had <36 ventricular extrasystoles per hour. For field studies 
values above the 90th percentile (that is more than 10 ventricular extrasystoles per hour for men 


40 years or older) may be a more appropriate cut off point. 


Ambulatory electrocardiographic monitoring of car- 
diac arrhythmias is commonly used ın the clinical 
evaluation and prognostic assessment of ischaernic 
heart disease.'? The importance of recording car- 
diac arrhythmia, in particular ventricular extra- 
systoles has been established by several studies.3~ $ 
Reliable population reference values are needed. We 
have measured the frequency of ectopic activity, 
both ventricular and supraventricular, in a healthy 
screened sample of working men aged 15 to 65 dur- 
ing their regular daily activities. Their work varied 
from unskilled labour to administrative managerial 
posts. The aim of the study was to establish criteria 
for normal values of ectopic activity in a male work- 
ing population and to assess the prognostic 1m- 
portance of such ectopic activity. 


Subjects and methods 


160 working men aged 15-66 years were selected from 
the payrolls of four large Swedish companies. Seventy 
three per cent were blue collar workers and 27% were 
white collar workers. They were included in the 
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study if they were free from clinical signs of heart 
disease and other chronic disorders such as treated 
hypertension, diabetes, or hypercholesterolaemia 
and had a normal standard resting electro- 
cardiogram. Thirteen men were excluded because 
they were on regular medication. Table 1 sum- 
marises the mean values and standard deviations of 
clinical variables. 

A 24 hour ambulatory electrocardiogram was 
recorded with an Avionics Cardiocorder Model 400 
in the normal work and home setting of each man. 
He recorded his activities for each of the 24 hours in 
a diary. The tapes were analysed by means of Avi- 
onics Composite Electrocardioscanners Model 650 
after scanning with Reynolds Pathfinder Highspeed 
ECG Analysers. All suspected abnormalines were 
printed on electrocardiographic paper and reviewed 
by an independent cardiologist according to stan- 
dardised procedures. !' 

Mean heart rates were calculated and the numbers 
of supraventricular and ventricular extrasystoles 
were counted per hour. The criteria for classification 
of ventricular ectopic beats were the following: ab- 
sence of P wave; QRS configuration different from 
the regular complex; QRS width >0 12s; pre- 
maturity and compensatory pause. Extrasystoles 
that did not meet these criteria were classified as 
supraventrioular. 
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Table 1 Clmuical characteristics of the study group 
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Characteristic Mean (SD) Range 

Age (yr) 44 1 (141) 15-66 
Systolic blood pressure (mm Hg) 132 0 (14 9) 105-188 
Diastolic blood pressure (mm Hg) 79 4 (10 1) 30-115 
Serum cholesterol (mmol/1) 59(09 38-86 
Alcohol consumpnon (kg absolute alcohol/year) 3236 00-160 
Relative weight (weight (kg)/height (cm) — 100) 099 (0 13) 0 73-1-45 


Proportion stnokers 41% 


Proportion ex-smokers 24% 


cigarettes per day 





All men were followed for six years, during which 
tume deaths were recorded. The number of expected 
deaths was calculated by computing 5 year age 
group, calendar year, and gender specific person- 
years and multiplying these by the national death 
rates in 1978-83 and summing up the fractional con- 
tributions.® 


STATISTICAL METHODS 

Because of the skewed distribution of the frequency 
of extrasystoles in healthy subjects, non-parametric 
tests were generally used for statistical analyses. 
Thus, x? analyses were applied to test the association 
between frequency of extrasystoles and different msk 
factors including age. We used analysis of variance 
test with repeated measurements to assess the 
change in frequency of extrasystoles and of heart 
tate during different types of activity. In this case 
attempts were made to reduce the skewness of the 
investigated distributions by the use-of medians and 
of logarithmic transformations. 


i 


Results 


For each individual the average number of extra- 
systoles per hour was calculated as the total number 
of extrasystoles divided by the number of recorded 
hours. Table 2 shows the results for different age 
groups. Because of the skewed distributions of the 
variables that we investigated the results are shown 
for subgroups defined by the increasing magnitude 
of the ectopic activity. The lowest group consists of 
those individuals who had no ectopic beats. The 
group limits were chosen primarily to conform with 
earlier studies, but also to show the distribution, 
which includes some very high values. Supra- 
ventricular extrasystoles were found in three- 
quarters and ventricular extrasystoles in almost half 
of the men; most of these cases were in the group 
with up to one extrasystole per hour. 

‘The number of extrasystoles per hour increased 
significantly with age (Table 2). Except for one man, 
men aged <45 years did not have as many as 20 
ventricular extrasystoles per hour. Five out of 46 


men over age 55 had an average of more than 20 
supraventricular extrasystoles per hour during the 
study period. 

The Figure shows the diurnal variation of mean 
heart rate and of median frequency of ventricular 
extrasystoles. An analysis of variance test showed 
that mean heart rate (p <0 001), mean log frequency 
of ventricular extrasystoles (p<0-01), and mean 
log frequency of supraventricular extrasystoles 
(p <0-05) were significantly higher during working 
hours than during sleep. Because of the pronounced 
skewness of the distribution of ectopic beats in these 
healthy men it was not possible to calculate an equa- 
tion that predicts the number of ventricular or 
supraventricular extrasystoles expected at a given 
age. Instead we give the age-adjusted expected 
number of extrasystoles in the 90th and 95th per- 
centile (Table 3). 

Thus in 90% of men under age 40 one would ex- 
pect to find only occasional extrasystoles, that is less 
than one supraventricular or one ventricular extra- 
systole per hour. In 90% of men of 40 years or older, 
still quite modest numbers of extrasystoles are ex- 
pected (6-5 supraventricular and 9-7 ventricular per 
hour). Five per cent of healthy men, however, do 
have extreme values—for example some men of 40 
years or older have 19-2 supraventricular and 36 
ventricular extrasystoles per hour. 

Complex ventricular arrhythmia was rare, even in 
older men (Table 4). Only two of 70 men under age 
45 had caupled or multiform ventricular extra- 
systoles. The R on T phenomenon was found in one 
man and a run of ventricular tachycardia in another; 
both were more than 45 years old. 

We also analysed the association between the fre- 
quency of extrasystoles and clinical variables. There 
was no statistically significant increase an the-fre- 
quency of supraventricular or ventncular extra- 
systoles in men with raised systolic or diastolic blood 
pressure, raised serum cholesterol, in those who 
were smokers, or in those who were overweight (Ta- 
ble 5). The frequency of supraventricular extra- 
systoles bur not that of ventricular extrasystoles was 
significantly higher in men who reported drinking 
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Table 2 Proportions of men in different age groups showing ventricular and supraventricular extrasystoles, Percentages are 
given in parentheses 











Extrasystoles 15-24 yr 25-34 yr 35-44 yr 45-54 yr 55-66 yr Total 
(n= 17) (n= 26) (n=27) (n=31) (n=46) (nm 147) 
Supravenuricular 
0 6 tea 11 (42) 10 G7) 7 (23) 37) 37 (25) 
01-09 9 (53 15 (57) 15 (55) 19 (61) 16 (35) 74 (50) 
10-49 0 0 0 4 (13) 15 (33) 19 (13) 
50-199 0 0 0 1 (3) 7 (15) 8 (5) 
20- 2 (12) 0 2(71) 0 5 (11) 9 (6) 
Lm 48 6 df= 8* p<0001 bu 
Ventricular 
12 (70) 20 (77) 16 (59) 15 (48) 16 (35) 79 (54) 
01-09 3 (18) 5 (19) 8 (30) 12 (39) 24 (52) 52 (35) 
10-49 1 (6) — 2 — — 3 (3) 
50-199 ~ 14) 14) 13) 3 (7) 6 (4) 
20- 1 (6) — — 3 (10) 37) 7 (5) 
gm 15 85 df=8 p=0 045 


*For a better approximation to the assumption of the x° test the three groups with highest frequencies were aggregated into one group 
Hence the df1s 8 According to Armitage this approximation of the y? distribution 13 reasonable because relanvely few expected frequencies 
are lesa than 5 2* If, however, we maintain the more orthodox view that none of the expected frequencies should be less than 5, the table 
would be aggregated into 0 and > categones In that case df 18 4, and y7=15 6, p=0 0036 for supraventricular extrasystoles and y? = 14 9, 


p 0 0049 for ventricular extrasystoles 


more than 2000 g of alcohol per year which corre- 
sponds to approximately 40g of ethanol per week 
(Table 5). 

We also attempted to analyse the significance of 
extrasystoles in relation to six years mortality. Only 
two men died during the follow up period (one from 
respiratory insufficiency, one from Boeck’s sarcoid). 
At necropsy neither had evidence of ischaemic heart 
disease or other cardiovascular disease. Based on the 
age distribution seven deaths would have been ex- 
pected in the study group, 2:6 of them from 
ischaemic heart disease. Since treated risk factors 
for, and clinical and electrocardiographic signs of 
ischaemic heart disease had been used as exclusion 
criteria, the study group was made up of healthy em- 
ployed men. This and the fact that employed men in 
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general have a lower mortality than that of the aver- 
age population explains the low death rate. Both 
men who died were over 60 years at the initial 
examination. Although they had only three and six 
supraventricular ectopic beats per hour respectively, 
they also had 227 and 39 ventricular ectopic beats 
per hour—that is more than the 95th percentile for 
men aged 40-66 years. 


Discussion 


We have investigated the frequency of ectopic activ- 
ity in healthy employed men. Only age was 
significantly associated with both ventricular and 
supraventricular ectopy. Most workers agree that 
ventricular arrhythmias become more common with 
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Figure Diurnal variation of mean heait rate and of median frequency of ventricular extrasystoles per hour 


in 147 healthy working men 
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Table3 Frequency of extrasystoles in healthy men for the 
90th and 95th percentiles in the distribution of mean number 
of extrasystoles per hour 





15-39 yr 40-66 yr 

SVE/h VE/h SVEJh VE/h 
9% 06 04 65 97 
95% 21 0* 29 192 360 


SVE, supraventricular extrasystoles, VE, ventricular extrasystoles. 
*This figure ıs an approximation based on linear interpolation. 


age.’~° Brodsky etal and Sobotka etal found ven- 
tricular arrhythmias in 56% of young men and in 
54%, of young women.!° !! Fleg and Kennedy found 
ventricular arrhythmias in 80% of elderly people 
(aged 60-85).!? Taylor and Stout found consid- 
erably more ectopic activity in elderly subjects than 
young healthy ones,!? but Dickinson and Scott 
found ventricular extrasystoles in as many as 41% of 
100 monitored teenage boys. '* 

There is less agreement, however, about the abso- 
lute frequencies of ventricular extrasystoles in 
healthy men of various ages. Kostis etal recorded 
ventricular extrasystoles during 24 hours in patients 
who had undergone coronary angiography and who 
had less than 5-10% luminal obstruction of the 
coronary arteries. Only 28% of 40-49 year old 
men had ventricular extrasystoles. Hinkle examined 
301 middle aged, actively employed men and found 
ventricular extrasystoles in 62% of 10 hour record- 
ings.‘® Clinical signs of heart disease were found in 
about one fifth of these men. The monitoring was 
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carried out in a hospital-like setting. Manger Cats 
etal found ventricular extrasystoles in 71% of 40-49 
year old healthy men who were monitored for 24 
hours.’7 Bjerregaard examined 260 middle aged 
men and women for 24 hours and found ventricular 
extrasystoles in 57% of 40-49 years old subjects. 1° 
Romhilt et ai found ventricular extrasystoles in 46% 
of 24 hour recordings in healthy women aged 40—49 
years.!? Except for the study by Kostis et ai all the 
studies that we have mentioned used clinical exam- 
ination, standard questionnaires, and resting elec- 
trocardiograms or other non-invasive techniques to 
select patients free from identifiable heart disease. 

The explanation for the great divergence of re- 
ported results seems to be the differing criteria used 
to select healthy subjects. The more careful the 
examination procedure and the more rigorous the 
criteria for selection of a healthy group, the fewer the 
ventricular extrasystoles that are found. We mon- 
itored healthy subjects from a working population, 
after excluding subjects with risk factors. We 
wanted to describe a reference working population 
that would be an appropriate standard for use in 
general practice or in occupational health studies. 
This is the reason that we used easily applicable cri- 
teria for classification of ventricular extrasystoles. 
These include prematurity of and compensatory 
pause after the extrasystole; this will exclude occa- 
sional interpolated ventricular extrasystoles. In a 
careful re-examination of-50 of the 147 recordings 
we found only three interpolated ventricular extra- 
systoles out of a total of 3 134. This appears to be a 
negligible error in the recording of ventricular ec- 
topic activity. 


Table 4 Numbers of men showing multsform (M) or coupled (C) ventricular extrasystoles 


Ventricular 15-24 yr 25-34 yr 35—44 yr 
extrasystoles (n= 17) (n= 26) (n=27) 
0 = dass a 
01-09 — Re = 
10-49 — _ 1 (M) 
50-199 = Fa = 
20-166 1(C) Sa = 


45-54 yr 
(n=31) 


55-66 yr 


Total 
(n= 46) (n= 147) 


10 (M), 3 (C) 
1 (M) 

1 (M), 2 (C) 
1 (0) 


13 (M), 4 (©) 
2 (M 


Ti © (M) 
2 ÌM), 2 (C) 
2(C) 


1 (M) 





Table5 Associations between climcal characteristics and supraventricular and ventricular extrasystoles 











Chmceal characteristics SVE VE 
xv df P ¢ df p 

Systolic blood pressure 2 160mm Hg 154 4 0-82 184 4 076 
Diastolic blood pressure >90 mm Hg 253 4 064 162 4 081 
Smoking 6 48 4 017 183 4 077 
Alcohol consumption > 2000 g/yr 10 12 4 004 301 4 056 
Relative weight >10 387 4 0-42 365 4 045 
Serum cholesterol mmol/1 

> (3 745 +. 0-087 x age (yr) 302 4 056 608 4 019 





SVE, supraventricular extrasystoles, VE, ventricular extrasystoles. 
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Our exclusion criteria reduced the range of coro- 
nary risk factor levels in the study group. This may 
in part explain the lack of association between risk 
factors and ventricular ectopic activity. The findings 
accord with those of another study, however, that 
showed no association between coronary risk factor 
levels and ectopic activity in healthy men.?° In high 
tisk groups, however, such associations have been 
shown.?! 723 

There were only two deaths in the six year follow 
up, and neither was from ischaemic heart disease. 
Although both men who died had many ventricular 
extrasystoles per hour they were also older; thus no 
inferences about the prognostic significance of fre- 
quent extrasystoles can be drawn. The low mortality 
that we found may merely reflect the exclusion of 
men with risk factors. Reports on the prognostic 
significance of ectopic activity in healthy individuals 
are inconclusive. Demonstration of an unfavourable 
prognosis in some studies may be the result of inclu- 
sion of a higher proportion of individuals with heart 
disease or risk factors for heart disease.? 7??? The 
calculation of an equation for the prediction of ex- 
pected numbers of extrasystoles proved difficult. A 
multiple regression equation was computed of data 
derived from the logarithmic transformation of ven- 
tricular extrasystoles against values of clinical char- 
acteristics including age on the other. The point 
estimate for an individual with group means on clin- 
ical parameters was 1-85 ventricular extrasystoles 
per hour, but the 95% confidence intervals were ap- 
proximately 0 10 to 260 ventricular extrasystoles 
per hour. This reflects both the skewed distribution 
of-and great individual variability in the frequency 
of ventricular ectopy. The expected incidence of 
extrasystoles was also estimated from the 90th or 
95th percentiles in different age groups. It was un- 
common (1 ın 20 men) to find more than 36 ventric- 
ular ectopic beats per hour ın men aged > 40 years. 
This finding warrants further clinical mvestigation. 

We regard the 90th percentile value of > 10 ven- 
tricular extrasystoles per hour in healthy men aged 
40-66 years as indicating a high frequency on an 
ordinal scale. Because techniques and the methods 
for evaluation of ventricular ectopic activity are rela- 
tively constant this cut off point should be useful in 
comparative field studies. 


We thank OHN Lena Janzon and secretary Mar- 
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Vasodilatation with captopril and prazosin in chronic 
heart failure: double blind study at rest and on 
exercise 


JOHN BAYLISS,*¢ RUDOLPH CANEPA-ANSON,t MICHAEL S NORELL,* 
PHILIP POOLE-WILSON,t GEORGE SUTTON* 


From *Hillingdon Hospital, Uxbridge, Middlesex, and the { National Heart Hospital and Cardiothoracic 
Institute, London 


SUMMARY A double blind cross over study was performed to compare the long term hormonal, 
haemodynamic, and clinical responses to specific inhibition of the renin-angiotensin-aldosterone 
system (captopril) and of the a, adrenoceptors of the sympathetic system (prazosin) both at rest 
and during upright exercise in patients with chronic heart failure. Sixteen patients completed one 
month’s treatment with each drug. 

During conventional diuretic treatment (control) plasma renin activity, aldosterone, and nor- 
adrenaline were increased at rest and on exercise. Control left ventricular filling pressures were 
raised, and correlated significantly with plasma renin activity both at rest and on exercise. Sys- 
temic vascular resistance was increased at rest, and its reduction during exercise correlated 
inversely with the increase in plasma renin activity and plasma noradrenaline. 

After one month’s treatment with captopril there were reductions in plasma aldosterone, 
weight, left ventricular filling pressure, and systemic vascular resistance at rest and on exercise. 
Dyspnoea was relieved and exercise capacity increased. The greater fall in systemic vascular 
resistance on exercise no longer correlated with the increase in plasma renin activity. During 
treatment with prazosin there were increases in plasma noradrenaline and, transiently, in plasma 
aldosterone. Fluid retention occurred, and left ventricular filling pressure was unchanged. Com- 
pared with control values systemic vascular resistance was reduced at rest but not on exercise. 
Dyspnoea and exercise capacity did not improve. 

In chronic heart failure, vasodilatation by inhibition of the « adrenergic system with prazosin 
causes compensatory stimulation of the renin-angiotensin-aldosterone system and does not result 
in clinical benefit. Inhibition of the renin-angiotensin-aldosterone system with captopril causes 
secondary vasodilatation at rest and on exercise and results in improvement in symptoms and 
exercise capacity. 


The haemodynamic abnormalities that occur at rest 
and during exercise in chronic heart failure have 
been well documented!? At rest ventricular filling 
pressures are usually raised, cardiac output is 
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Present addresses J B Westminster Hospital, London SWIP 2AP, M $ N 
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reduced, and there is arteriolar and venous con- 
striction with abnormal distribution of blood flow. 
These abnormalities are accentuated during exercise 
and this results in breathlessness and fatigue. Treat- 
ment with directly acting vasodilating drugs usually 
produces acute haemodynamic changes, but the long 
term clinical response is often disappointing. 

In chronic heart failure the sympathetic and 
renin-angiotensin-aldosterone systems are acti- 
vated,? * and this leads to vasoconstriction and fluid 
retention. Some studies have investigated the 
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mmportance of these neuroendocrine systems in heart 
failure in animals? and man®~® at rest, but there has 
been no controlled study of relations between hor- 
monal changes, haemodynamic measurements, and 
clinical features on exercise during long term treat- 
ment of heart failure. 

A double blind, randomised crossover trial was 
undertaken to compare the long term hormonal, 
haemodynamic, and clinical responses to specific 
inhibition of the renin-angiotensin-aldosterone sys- 
tem (with captopril) and of the a, adrenoceptors of 
the sympathetic system (with prazosin) both at rest 
and during upright exercise in patients with chronic 
heart failure. The results of changes occurring at 
rest in this study have been reported elsewhere.’ 


Patients and methods 


We studied 16 patients (15 men) (mean age 62 years, 
range 48 to 74 years). All patients had been in heart 
failure for at least 3 months. The aetiology of heart 
failure was coronary artery disease without recent 
myocardial infarction in 10 patients and dilated car- 
diomyopathy in six. No patient had important 
valvar, hypertensive, or renal disease. 

All patients were breathless on moderate exertion 
(New York Heart Association class II-III), with 
radiologically confirmed pulmonary venous hyper- 
tension and cardiomegaly (cardiothoracic ratio 
> 0-5), despite optimal diuretic treatment. Frusemide 
(mean daily dose 138 mg) was given in combination 
with amiloride (9 mg). Only the three patients in 
atrial fibrillation received digoxin for control of 
ventricular rate. Other vasodilating drugs and 
spironolactone were not used during the study. All 
patients gave written informed consent. The study 


was approved by the hospitals’ ethical committees. ` 


STUDY DESIGN 

Patients were observed during a one week control 
period, while they were on diuretics and placebo, to 
ensure that they were in a stable clinical state with 
constant body weight and without peripheral 
oedema. 

Control haemodynamic and hormonal mea- 
surements were then made at rest and during tread- 
mill exercise (see below). Patients were then ran- 
domly allocated to treatment and were started on 
captopril (25 mg eight hourly) or prazosin (2 mg 
eight hourly). These drugs were given double blind 
by the double dummy technique and the doses were 
doubled after one week. The doses chosen have been 
shown’ to produce similar acute haemodynamic 
effects, and are often used in clinical practice. 

After one month, clinical, haemodynamic, and 
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hormonal measurements were repeated at rest and 
on exercise at least two hours after the morning 
medication. Each patient was then crossed over, 
without a washout period, to receive a month of 
treatment with the other drug, and measurements 
were repeated at the end of the second month. 

The initial control dose of diuretics was main- 
tained throughout the study, unless peripheral 
oedema developed with a weight gain of 2:5 kg or 
more, in which case the dose of frusemide was 
increased for the remainder of that month of treat- 
ment. 


CLINICAL ASSESSMENT 

Clinical features, including nude weight, were 
assessed daily during the control period, and then at 
one and four weeks of each treatment period. Exer- 
cise capacity was assessed on a treadmill, by means 
of a protocol in which low workloads were increased 
in six-minute stages.’° Patients performed pre- 
liminary exercise tests during the control period 
until they achieved consistent maximal exercise. 
Maximal exercise time was measured at the end of 
the control period and at the end of each month of 
active treatment. 


HAEMODYNAMIC MEASUREMENTS 

Patients were studied by means of standard right 
heart haemodynamic monitoring techniques.'! 
Measurements were made of pulmonary artery end 
diastolic and right atrial pressures with the mid- 
chest as a zero reference point. Pulmonary artery 
end diastolic pressure was used as an indirect mea- 
sure of left ventricular filling pressure. Blood pres- 
sure was measured by sphygmomanometer (n= 12) 
or brachial artery catheter (n=4). Cardiac output 
was measured by thermodilution and the mean of at 
least three readings with less than 10% variation was 
used. Heart rate was measured from a simultaneous 
electrocardiogram. Mean blood pressure, cardiac 
index, anc systemic vascular resistance were calcu- 
lated by standard formulas. 

In each study control measurements to assess hae- 
modynamic stability were made over 30 minutes 
with the patient resting in bed. The patient then 
performed a symptom limited treadmill exercise 
test; haemodynamic measurements were made every 
six minutes at the end of each stage and during the 
minute of maximal exercise. 

At the end of each month of treatment 
haemodynamic measurements were repeated, at rest 
and during treadmill exercise, two hours after 
medication. 
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HORMONAL MEASUREMENTS 

Plasma renin activity, aldosterone, noradrenaline; 
and vasopressin were measured during the control 
haemodynamic study and during the studies at the 
end of each month of treatment. Samples were taken 
at the same time as the last resting haemodynamic 
Measurements and at maximal exercise. Samples 


were also taken at rest after one week on treatment, - 


2 hours after a maintenance dose of that month’s 
drug. Venous blood was taken into cooled bottles, 
aa immediately, and the plasma was stored 
70°C until assay. 
gone renin activity and aldosterone were mea- 
sured by radioimmunoassay!?'* (normal ranges 
0-5-2 5 ng/ml/h (0-39-1-9 nmol/i/h) and 100-600 
pmol/l, respectively). We measured plasma nor- 
‘adrenaline by radioenzymatic assay using a 
modification (P Sever, personal communication) of 
Henry’s method'* (normal range 200-800 pg/ml 
(1-2-4-7 nmol/1)). Plasma vasopressin was measured 
by radioimmunoassay!* (normal range: 0-4-1-6 p 
units/ml (0-92-3-68 pmol/l)). 


PLASMA DRUG CONCENTRATIONS 

Plasma captopril was not measured; increasing 
plasma renin activity was used as an indicator of 
effective converting enzyme inhibition. Plasma pra- 
zosin was measured by high pressure liquid chro- 


matography.‘ Measurements were made before and ' 


two hours after a 4 mg maintenance dose in eight 
patients after one month’s treatment. 


STATISTICAL ANALYSIS 
The trial was designed to detect a change (p <0-05) 
in resting pulmonary artery end diastolic pressure of 
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Fig 1 Mean cardiac index-and pulmonary artery end 
diastolic pressure (PAEDP) at rest, submaximal (6 min) 
and maximal exercise, in the control pertod, and after one 
month of captopril or prazosin in 16 patients. See text for 
statistical results, and Table 1 for variability. 
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5 mm Hg with a power of 0-80. The sample size 
required was calculated from data previously 
obtained in similar patients. Statistical analysis was 
by analysis of variance, Student’s z tests for paired or 
unpaired data, as appropriate, and linear 
regression.'?'!® Preliminary analysis showed that 
order of treatment did not influence the changes in 
any variable!®; results for the two treatment periods 
for each drug have therefore been combined to give 
a value of overall effect of that drug. 

Results are given as the mean and 95% confidence 
limits. Hormonal values were only distributed nor- 
mally after logarithmic transformation so geometric 
means are given for these results. 


Results 


There were no significant changes in any variable 
during the placebo period or during the control peri- 
ods before each haemodynamic study. 


CLINICAL EFFECTS 
While on captopril 15 patients improved symptom- 


-atically, reporting a reduction in breathlessness and 


an increase in exercise capacity and general well- 
being; one-patient did not improve. Mean weight fell 
by 16 kg (-—3-2, —0-1 p=0-05) after one month, 
without any increase in diuretic dosage. 

On prazosin five patients reported an initial 
improvement in symptoms, three were unchanged, 
and eight deteriorated. Peripheral oedema devel- 
oped in six patients. During the month of treatment 


.mean weight increased by 2°6 kg (+0-4, +49 


p=0-03) despite an increase in the frusemide dosage 
in four patients who developed oedema after one 
week. Mean weight increased by 1-9 kg (+0-7, 
+3-1, p=0-04) even in the 10 patients who did not 


, become oedematous. 


Mean treadmill exercise time at the end of the 
placebo period was 17-5 min (12-0, 23 0); exercise 
was terminated by breathlessness in 11 patients, and 
by fatigue i in five. Captopril increased exercise time 
by 6:2 min (+3-0, +9-5 p=0-001); four patients 
who had ‘been limited by breathlessness were now 
limited by fatigue. Prazosin had no effect on exercise 
time (+07 min, —57, +70 p=0-81); eight 
patients were limited by breathlessness and eight by 
fatigue. 


HAEMODYNAMIC EFFECTS 

The mean control pulmonary artery end diastolic 
pressure was 20 mm Hg at rest and increased to 28 
mm Hg during exercise (p=0-0006) (Fig. 1, Table 
1). After one month of prazosin this pressure was not 
significantly reduced either at rest or on exercise. 


After captopril, pulmonary artery end diastolic pres- 
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Table 1 Haemodynamic results (mean (95% confidence hmuts)) at rest, submaximal and maximal exercise, in the control 
period, and after one month of captopril and prazosin in 16 patients. See text for statistical results 





Rest Submaxımal exercise (6 min) Maximal exercise 
Pulmonary artery end diastolic pressure (mm Hg) 
Control 20(37, 24) 25 (20, 30) 28 (23, 33) 
Captopril 16 (12, 20 19(15, 24) 24 (18, 28) 
Prazosin ue 25) 22(17, 26) 26 (22, 30) 
Right atrial pressure (mm Hg) 
Control 5(2,8) CICA 12) 9(4, 14) 
Captopril 4(2, 7) 7(3, 10, 10(5, 1 
Prazosin 8(4, 11) 73, 1) 10(6, 14 
` Cardiac index (1/min|m?) 
Control 20(1 7,23) 2 6(2 3, 29) 35(3 0,40) 
Captopril 21(1 9,23) 31(28,3 42(3 7,46) 
Prazosin 2 2(1 9,24) 26(24,29 37 (3:2, 42) 
Heart rate (beats/mun) 
Control 88 (81, 95) 107 (98, 116) 120 (110, 130) 
Captopril 80 (74, 87) 100(91, 109) ees 132) 
Prazosin 84077, 91) 98 (90, 107) 116 (105, 127) 
Mean blood pressure (mm Hg) 
Control 84(80, 89) 89 P 96) 89 (81, 96) 
Captopril 76 (69, 82 86 (81,91) 90 (83, 97) 
Prazosin 84(79, 89) 89 (81, 96) 89 (82, 96) 
Systeme vascular resistance (dyn s an~* 
Control 1855 (1579, 2132) 1519 (1274, 17653 1090 (882, 1299) 
Captopril 1549 (1337, 1762) 1182. (1019, 1346) 872(724, 1014 
Prazosin 1555 (1398, £713) 1360 (1172, 1549) 940 » 109: 


sure was reduced both at rest and during exercise 
(p=0-01, p=0-05), despite the greater exercise 
workload achieved. Right atrial pressure creased 
during the control exercise (p= 0-009); neither cap- 
topril nor prazosin altered right atrial pressure 
significantly. 

The mean control cardiac index was 2-0 1/min/m? 
at rest, and this increased to only 3-5 1/min/m? with 
maximal exercise (Fig. 1). Prazosin caused no long 
term change in cardiac index, either at rest or on 
exercise. Captopril failed to increase resting cardiac 


88o0 


SVR (dyn s-cm`5) 





Mean BP (mmHg) 


Fig 2 Mean blood pressure ( BP) and total systemic 
vascular resistance (SVR) at rest, submaxımal (6 min) and 
maximal exercise, in the control period, and after one month 
of captopril and prazosm in 16 patients, Mean heart rate is 
shown alongside each pomt. See text for statistical results, 
and Table 1 for variability. 


index because, although it increased resting stroke 
volume index from a control value of 23 ml (20, 26) 
to 27 (23, 30 p=0-01), it also reduced resting heart 
rate from 88 beats/min (81, 95) to 80 beats/min (74, 
87 p=0-03). During exercise on captopril, cardiac 
index was greater than the corresponding control 
values, both after sıx minutes (submaximal exercise, 
p=0-01) and at maximal exercise (p = 0-04), because 
of a greater increase in stroke volume. Ventricular 
performance therefore improved at rest and on exer- 
cise with captopril but not with prazosin (Fig. 1). 

The control mean blood pressure was normal at 
rest, and did not change significantly on exercise 
(p=0-13) (Fig. 2). Prazosin caused no long term 
change in blood pressure, either at rest or on exer- 
cise. Captopril reduced mean blood pressure at rest 
(p=0-01) but not during exercise. 

The mean control systemic vascular resistance 
was raised at rest, and, although it fell during exer- 
cise (p <¢-0001), it remained abnormally raised at 
maximal exercise (Fig. 2), suggesting that vaso- 
dilatation during exercise was impaired. Arteriolar 
vasodilatation was maintained by both captopril and 
prazosin, with long term reduction in resting sys- 
temic vascular resistance (p=0-016, p=0-04). Dur- 
ing submaximal and maximal exercise on prazosin, 
vascular resistance was not significantly different 
from control (p= 0-24, p=0-21). During exercise on 
captopril, vascular resistance was lower than the cor- 
responding control values, both at submaximal 
(p<0-0001) and maximal exercise (p =0 04). 

Exercise time did not correlate with pulmonary 
artery end diastolic pressure at maximal exercise in 
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Fig.3 Lack of relation between mean pulmonary artery end diastolic pressure at maxunal exercise (PAEDP,,) and exercise 


time in the control, captopril, and prazosin periods. 


the control or treatment periods (r<0-37) (Fig. 3), 
nor did changes in exercise time with treatment cor- 
relate with changes in pulmonary artery end 
diastolic pressure (Fig. 4). The change in systemic 
vascular resistance at maximal exercise from the 
control to the captopril period (representing 
improved vasodilatation), however, correlated 
inversely with the corresponding change in exercise 
time (r= —0-61, p=0 011)—the greater the reduc- 
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tion in vascular resistance on exercise the greater the 
increase ın exercise time. This relation was not seen 
durmg exercise in patients on prazosin (p =0:13). 


HORMONAL EFFECTS 

The mean control plasma sodium was 136 mmol/I 
(134, 138), and did not change during the study. The 
mean control urinary sodium excretion was 120 
mmol/24 h (86, 154); repeat measurements after one 
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Fig. 4 Lack of relation between the change of mean end diastolic pressure at maximal exercise (PAEDP) and the 


change of exercise time with either captopril or prazosin. 
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month of each treatment were simular, indicating a 
stable sodium diet. 


RENIN-ANGIOTENSIN-ALDOSTERONE 
SYSTEM 

Control resting plasma renin activity and 
aldosterone were normal in four patients, but were 
raised in the remaining 12 (Table 2), correlating 
with resting pulmonary artery end diastolic pressure 
(r=0:58, p=0-02 and r=0 51, p=0 04 respectively) 
and with resting right atrial pressure (r=0:53, 
p=0-04 and r=0-77, p=0-001), but not with other 
resting variables (p > 0-24). 

During exercise, there were pronounced increases 
in plasma renin activity and aldosterone (p = 0:0002, 
p<0-0001). Plasma renin activity at maxumal exer- 
cise correlated with pulmonary artery end diastolic 
pressure and right atrial pressure at maximal 
exercise (r= 0-61, p=0-01 and r=0-51, p=0-05). 

Inhibition of angiotensin converting enzyme with 
captopril increased plasma renin activity at rest and 
on exercise (p=0-0006, p=0-02), and reduced 
plasma aldosterone both at rest and on exercise 
(p=0-02, p=0-04). During captopril treatment, 
ventricular filling pressures were unrelated to 
plasma renin acnwvity or aldosterone. 

Inhibition of the a adrenergic sympathetic system 
with prazosin increased resting plasma aldosterone 
after one week by 296 pmol/l (+150, +441 
p=0 0009). After one month, however, when fluid 
retention and circulatory expansion had occurred, 
rest and exercise values of plasma renin activity and 
aldosterone were similar to control values, and cor- 
related with ventricular filling pressures (r>0-5, 
p<0-04). 

The changes in plasma aldosterone after one 
week’s treatment with captopril and with prazosin 
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Fig.5 Relation between percentage changes from rest to 
maxumal exercise in plasma renm activity and systemic 
vascular resistance in the control period 


correlated with the changes in body weight after one 
month on each drug (r=0 48, p=0-007). 

In the control period, the exercise induced 
increase in plasma renin activity correlated inversely 
with the reduction in systemic vascular resistance on 
exercise (r= —0:63, p=0-0009) (Fig. 5); those 
patients with the greatest increase ın plasma renin 
activity hed the least vasodilatation on exercise, 
those with the least renin release achieved the great- 
est vasodilatation. This relation was no longer seen 
on captopril and systemic vascular resistance on 
exercise was lower than control values. On prazosin, 
the increase in plasma renin acuvity on exercise still 


Table 2 Hormonal values (geometric means (95% confidence lumts) ) at rest and maximal exercise, in the control period, 
and after one month of captopril and prazosin in 16 patients. See text for statistical results 


Rest Maximal exercise 
Plasma renin actrity (ng/mij{h) 
Control 49(3 0,8 0) 10 3(6 7, 15 9) 
Captopril 15 2(10-8, 21 3) 22 3(15 8, 31-7) 
Prazomn 53(29,9 6) 11 1(6 6, 18-5) 
Plasma aldosterone (pmol/l) 
Control 689 (471, 1007) 1189 (833, 1698) 
Captopril 454 (307, 673) 901 (606, 1340) 
Prazosin 544 (352, 839) 1236 (869, 1758) 
Plasma noradrenaline (pg/ml) 
Control 1045 (781, 1398) 2252 (1656, 3062) 
Captopril 859 (684, 1080) 2215 (1584, 3097) 
Prazosin 1122 (888, 1418) 2697 (2038, 3570) 
Plasma vasopressin (p umts|md) 
Control 0 81 (0 50, 1:29) 1-61 (0 86, 3 0) 
Captopril O BI (0-46, 1 44) 1:29 (0 74, 2 26) 
Prazosn 0 54 (0 33, 0 87) 1 39 (0 79, 2 45) 


unit/ml = 2 3 pmol/l. 


units to SI~renin: 1 Ong/ml/h 0 77/mmol/t/h; noradrenaline 1 pg/ml = <= 0-0059 nmol/l; vasopressin: 1u 
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correlated inversely with the change in vascular 
resistance (r= — 0-67, p=0-002). 

PLASMA NORADRENALINE 

The control resting plasma noradrenaline was nor- 
mal in five patients, but was raised in the remaining 
11 (Table.2), and did not correlate with any single 
resting haemodynamic variable. Exercise caused a 
pronounced increase in plasma noradrenaline in all 
patients (p < 0-0001). 

On captopril, resting plasma noradrenaline was 
reduced (p=0-04). The pattern of increase of nor- 
adrenaline during exercise on captopril was similar 
to that during the control period (even though a 
greater workload was achieved) and correlated with 
the exercise induced increase in heart rate (r =0:71, 
p=0-002). 

After one week of prazosin, resting plasma nor- 
adrenaline was increased by 371 pg/ml (+41, +702) 
(2-19 nmol/l: +0-24, +4 14) (p=0-02), but after one 
month resting and exercise values were similar to 
control values. 

During exercise in the control, captopril, and pra- 
‘zosin periods, the exercise induced increase in nor- 
adrenaline correlated inversely with the reduction in 
systemic vascular resistance on exercise (r= — 0:62 
p=0 023; r= —0 67 p=0-009; r= —0 72 p=0-003 
respectively). Those patients with the greatest 
increase in noradrenaline tended to have the least 
reduction in total systemic vascular resistance on 
exercise. 


PLASMA VASOPRESSIN 

The control resting plasma vasopressin was normal 
in all but three patients (Table 2), and did not cot- 
relate with plasma sodium or plasma osmolality or 
any haemodynamic variable. During upright exer- 
cise, plasma vasopressin increased in 12 patients 
(p=0-03), but the peak value remained within the 
physiological range. 

Prazosin caused no significant changes in vaso- 
pressin at rest or on exercise. During captopril treat- 
ment resting vasopressin was unchanged and there 
was no increase in vasopressin during exercise 
(p=0-22) despite the greater workload achieved. 


PLASMA PRAZOSIN CONCENTRATIONS 

After one month’s treatment, mean plasma prazosin 
concentration was 29-2 ng/ml (18, 41) (0-070 
mmol/l: 0-043, 0-098) before a maintenance dose, 
increasing to 40-4 ng/ml (29, 52) (0-096 mmol/l: 
0-069, 0-124) (t=2-87 p=0-02) two hours after a 4 
mg dose. These drug concentrations are high, 
despite the relatively low dose of prazosin used, and 
could have resulted in prazosin inhibiting a, as well 
as æ, adrenoceptors. 


271 


Discussion 


This is the first controlled study of interrelations 
between neuroendocrine systems, haemodynamic 
variables, and clinical characteristics both at rest and 
during upright exercise in the long term treatment of 
chronic heart failure. 

The sympathetic and renin-angiotensin-aldo- 
sterone systems are usually activated in chronic 
heart failure,'® to maintain blood pressure and per- 
fusion of the cerebral and coronary circulations.! 7° 
Renal, splanchnic, and cutaneous vasoconstriction 
occurs at rest and particularly during exercise, when 
the limited cardiac output must also supply an 
increased flow to working muscle. The vaso- 
dilatation that occurs in exercising muscle in héalthy 
subjects is almost entirely due to local production of 
vasodilator metabolites, but in chronic heart failure 
this vasodilatation is impaired by mechanisms that 
are poorly understood.?? 

Homoeostatic neuroendocrine responses may 
have evolved to maintain the circulation during 
hypovolaemia and haemorrhage,”'! and to some 
extent they may support a failing circulation in heart 
failure. Maintained vasoconstriction and fluid reten- 
tion, however, reduce ventricular performance.?* 
Although directly acting vasodilating drugs can 
bring about : short term haemodynamic 
improvement, long term clinical and haemodynamic 
benefit is often lacking,?° possibly because of further 
neuroendocrine activation.” 

To examine the roles of the renin-angiotensin- 
aldosterone and sympathetic systems in circulatory 
regulation in chronic heart failure, we performed a 
double blind, randomised cross over study to com- 
pare the effects of two neuroendocrine inhibitors, 
captopril-‘and prazosin.*5?® Captopril, an angio- 
tensin converting enzyme inhibitor, causes vaso- 
dilatation by preventing the formation of angio- 
tensin II, and it thus also reduces -aldosterone 
secretion. Prazosin, an a, adrenoceptor inhibitor, 
has acute vasodilator effects similar to those of cap- 
topril,’ and causes venous and arteriolar dilatation 


‘by withdrawal of sympathetic activity. We studied 


only stable patients with mild to moderate heart fail- 
ure (New York Heart Association class II-III), to 
permit measurements on exercise, and because in 
more severely ill patients hormonal abnormalities 
may be less important determinants of response to 
treatment than the natural progression of the disease 
itself. 

Plasma renin activity, aldosterone, and nor- 
adrenaline were raised at rest in most patients, and 
increased further on exercise. It has been suggested 
that the renin system is activated in acute phases of 
heart failure but then returns to normal during 
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stable chronic heart failure. We found that the 
renin system was stimulated in chronic heart failure; 
it was not even suppressed in the patients who devel- 
oped circulatory expansion on prazosin. Further- 
more, patients who had near normal levels of plasma 
renin activity, aldosterone, or noradrenaline at rest 
developed greatly increased levels during exercise. 

Several relations between hormonal, hae- 
modynamic, and clinical variables were observed. 
Control ventricular filling pressures were raised and 
they correlated with plasma renin activity at rest and 
on exercise. Left ventricular filling pressures at max- 
imal exercise did not correlate with exercise time, 
nor did any changes in filling pressures with treat- 
ment correlate with changes in exercise time. This 
lack of correlation between central haemodynamic 
variables and exercise capacity has been shown in 
other studies.” 78 

Inhibition of the renin-angiotensin system by 
captopril reduced aldosterone and facilitated 
natriuresis, such that weight fell without an increase 
in diuretic dose. Left ventricular filling pressure fell 
both at rest and on exercise, and 15 patients reported 
a reduction in breathlessness. Plasma noradrenaline 
and heart rate were also reduced at rest on captopril, 
indicating some withdrawal of sympathetic activity. 

Alpha adrenergic inhibition with prazosin caused 
vasodilatation which was associated with initial 
stimulation of the renin-angiotensin-aldosterone 
system and subsequent fluid retention, with oedema 
developing in six patients. Ventricular filling pres- 
sures were not reduced, and breathlessness 
improved in few patients. 

The relation between vasopressin and ventricular 
filling pressures in heart failure 1s unclear. In the 
normal circulation, non-osmotic control reduces 
vasopressin release when atrial pressures increase, 
whereas ın severe heart failure vasopressin release 
appears to occur independently of osmotic or non- 
osmotic control.?° The patients in this study, with 
moderate heart failure, may illustrate an inter- 
mediate stage in the derangement of vasopressin 
control, since they had normal vasopressin concen- 
trations at rest and on exercise, but these did not 
respond appropriately to changes in atrial pressures. 

The total systemic vascular resistance in our 
patients was invariably raised, reflecting vaso- 
constriction in at least some vascular beds. Relations 
between vasoconstriction and neuroendocrine sys- 
tems were studied by assessing the effects of exer- 
cise, before and in the presence of captopril and 
prazosin. 

During the control period the reduction in sys- 
temic vascular resistance during exercise correlated 
unversely with increases in plasma renin activity and 
noradrenaline, suggesting that both angiotensin II 
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and adrenergic mechanisms were limiting vaso- 
dilatation. Inhibition of a, adrenoceptors with 
prazosin resulted in arteriolar vasodilatation at rest; 
during exercise it might have been expected that 
prazosin would facilitate vasodilatation by blocking 
æ adrenoceptors and allowing unopposed stimu- 
lation of vasodilating f, receptors. The reduction in 
vascular resistance during exercise, however, was no 
greater than in the control period; it still correlated 
inversely with renin and noradrenaline release, and 
exercise capacity did not increase. Exercise capacity 
in chronic heart failure is related to nutritive muscle 
blood flow during exercise,®° and is only poorly 
related to central haemodynamic variables.?7 7° 
Since prazosin caused vasodilatation at rest, but did 
not facilitate greater vasodilatation on exercise, or 
increase exercise capacity, our results can be inter- 
preted as indirect evidence that prazosin did not 
increase muscle blood flow. 

With inhibition of the renin-angiotensin system 
by captopril, systemic vascular resistance was 
reduced from control values both at rest and on 
exercise, even though plasma noradrenaline still 
increased. The change in systemic vascular 
resistance on exercise was no longer correlated with 
the change in plasma renin activity. The improved 
vasodilatation on exercise was associated with an 
increased exercise capacity, suggesting there had 
been an improvement in muscle blood flow.?°~ 3? 

Although hormonal and haemodynamic changes 
occur immediately after administration of captopril, 
exercise capacity does not improve immediately, but 
increases progressively over a period of weeks.?? 
Neither the acute changes in angiotensin II nor any 
acute haemodynamic changes can thus be directly 
responsible for the changes in exercise capacity. 
More long term changes ın muscle blood flow on 
exercise are likely to be involved. 

It has been suggested that the impairment of max- 
imal vasodilatation in exercising muscle in heart fail- 
ure 1s due to a “vascular stiffness factor”, possibly 
related to the sodium content of the blood vessel 
wall.'® Our study provides indirect evidence that 
angiotensin II may be such a factor, acting directly 
or indirectly through its effects on aldosterone and 
increasing the stiffness and sodium content of the 
vessel wall. 

This study has established the important con- 
tribution of neuroendocrine systems in determining 
the haemodynamic and clinical features of chronic 
heart failure at rest and during exercise, and illus- 
trates how inhibition of the renin-angiotensin- 
aldosterone system, in particular, can result in long 
term clinical improvement. k 
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Chronic anthracycline cardiotoxicity: haemodynamic 
and histopathological manifestations suggesting a 
restrictive endomyocardial disease 
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the Umversity Institute of Pathology, Aarhus Municipal Hospital, Denmark 


SUMMARY Of 38 patients referred with suspected cardiotoxicity after administration of anti- 
neoplastic drugs, 1l- patients with signs of manifest ‘or latent anthracycline cardiotoxicity were 
selected for heart catheterisation with endomyocardial biopsy. Ultrastructural abnormalities of 
the myocytes with myofibrillar loss and cytoplasmic vacuolation were present in most patients 
and these findings were more pronounced in biopsy specimens from the left ventricle. Sur- 
prisingly, light microscopy showed considerable fibrous thickening of the endocardium in 10 of 
11 patients, primarily in the left ventricle. These morphological findings together with the echo- 
cardiographic and the haemodynamic data suggest that chronic anthracycline cardiotoxicity is a 
restrictive endomyocardial disease. The biochemical mechanisms responsible for endocardial 
fibrosis are unknown, but drug induced damage to the endocardium, possibly mediated via hor- 
monal or humoral] agents, may feature in the initial phase of the toxic process. The present 
observations contribute toward the understanding of the pathophysiology of human anthra- 


cycline cardiotoxicity. 


The clinical usefulness of daunorubicin and dox- 
orubicin (Adriamycin) is limited by dose dependent 
cardiac damage (anthracycline cardiotoxicity).!? 
Doxorubicin doses of up to 550 mg/m? body surface 
area (empirical cumulative dose) are usually not car- 
diotoxic. A subset of patients, however, shows signs 
of cardiac damage at lower doses, especially when 
there are contributory nsk factors, for example, pre- 
vious medhastinal irradiation.? 

Limitation of the doxorubicin dose may deprive 
the patient of effective and extended cancer chemo- 
therapy. Attempts to resolve this problem have ım- 
cluded alterations of the dose schedule of 
doxorubicin and the development of analogues (class 
II anthracyclines) with reduced cardiotoxicity. Ac- 
lacinomycin (Aclarubicin)* and 4’-epidoxorubicin 
(Epirubicin)* are interesting new class II drugs. A 
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safe maximum dose for both drugs has yet to be es- 
tablished; for Epirubicin it 1s probably about 
1000 mg/m?. 

Various cardiological approaches have been used 
for the early detection of cardiac dysfunction during 
doxorubicin treatment. Apart from endomyocardial 
biopsy, they have proved to be of limited value.® In 
this context histological investigation of myocardial 
tissue is the most reliable method of monitoring 
heart function. It allows the total cumulative dose to 
be adjusted for the individual patient before obvious 
clinical signs of damage appear. The use of cardiac 
biopsy has, however, been restricted to centres with 
specialised histopathological facilities.” Fully de- 
veloped anthracycline cardiotoxicity is usually de- 
scribed clinically as congestive cardiomyopathy.! ?° 
In rare cases there is evidence of a restrictive pat- 
tern, but this has mainly been attributed to previous 
radiotherapy.° '° The present study was undertaken 
to describe severe human anthracycline cardio- 
toxicity. Our objectives were (a) to obtain a com- 
bined haemodynamic and __histopathological 
classification of the condition, with both right and 
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- chemotherapy? 





Anthracycline cardiotoxicity 


left heart catheterisation data; (b) to confirm that 
myocardial inflammation is not a feature of severe 
human anthracycline cardiotoxicity,? despite this 
feature having been seen in animal experiments!’; 
(c) to discover whether the morphological picture’ of - 
cardiotoxicity seen during anthracycline 
is different at the time of clinical 
heart failure, often when treatment has been discon- 
tinued (d) to determine, by examination of biopsy 
material, the. ventricular wall in which mor- 
phological evidence of cardiotoxicity is most clearly - 
expressed—that is, is the right senpai septum a 
reliable sampling area? _ 


Patients and methods 


Since 1980, 48 patients have been referred from var- 
ious oncological/haematological departments in Co- 
penhagen with suspected cardiotoxicity caused by 
antineoplastic drugs. The clinical manifestations of 
cardiotoxicity in the first 38 of these patients have 
been reported elsewhere.!* The 11 selected patients 
described in the present report comprise all cases 
undergoing haemodynamic investigations with en- 
domyocardial biopsy (during a two year period— 
from February 1982 to February 1984). There-were 
eight women and three-men, mean 'age 51 years 
(range 29-60). The indications for biopsy were overt 
congestive heart failure (manifest cardiotoxicity) 
(n= 7); suspected anthracycline damage at less than 
the empirical dose (n=2); and to establish a means 
of cardiac monitoring during. continued -chemo- 
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therapy at doses in excess of the empirical dose 
(n=2) 

Table 1 shows the initial patient characteristics 
with the following clinical data: the site of the pri- 
mary neoplasm, nsk factors, and cumulative anthra- 


cycline dose; and results from electrocardiographic 


and chest x ray examinations and the New York 
Heart Association functional class (when they were 
admitted -for heart catheterisation). M mode and 
cross sectional echocardiograms were obtained with 
‘standard techniques.'? We used gated blood pool 


„scans (radionuclide angiocardiography) to measure 


left ventricular ejection fractions at rest and during 
supine submaximal exercise.’ 

Right and left heart catheterisation was performed 
and the cardiac index (Fick) was determined. Left 
ventricular angiocardiography and thoracic aor- 
tography were carried out. Transvascular endo- 
myocardial biopsy specimens of the right ventricle 
or the left ventricle or both were obtained with 
King’s bioptome’* and a modified long sheath tech- 
nique from the groin. A total of four to six biopsy 
specimens from ‘each patient were fixed in formalin 
(10%) and processed for light microscopy (paraffin 
sections); in nine patients at least two samples were 
fixed in cacodylate buffered glutaraldehyde (3%) for 
later electron microscopy according to previously 
described techniques. 16 The histopathological eval- 
uation and the electronmicroscopic grading, which 
corresponded to the-Billingham scale? (that is 0, 1, 
15, 2, 25, and 3) were performed without any 
knowledge of the clinical and haemodynamic data, 





Table 1 Chmcal details of 11 patients with anthracycline cardiotoxiaty 
Panent Age Sex Ihagnons Risk factors Total dose of NYHA ECG Chest Outcome 
o , ` anthracycline class - x ray 
1 3) F Pancreatic — Doxorubicin I ST No cardiomegaly Died of cancer 
* carcinoma 550 mg/m? 
2 49 M Lung - — 4'-epidoxorubian H Negative No cardiomegaly Died of cancer 
carcinoma 360 mg/m? T waves 
3 55 F Breast Irrachation, Doxorubicin IV ST and low Cardiomegaly Sudden death 
carcinoma cyclophosphamide 575 mg/m? R R waves y 
4 59 -F Paroud = oxorubian ST and low No cardiomegaly Died of cancer/ 
carcinoma i ! 550 mg/m? R waves } CHF 
5 29 F Soft tissue Cyclophosphamide Doxorubicin IV ST and low Cardiomegaly Alve NYHA I 
sarcoma 550 mg/m? R waves 
6 58 F  Ovanan Cyclophosphamide Doxorubicin IV ST and low (Cardiomegaly) Alive NYHA II 
carcinoma ; 530 mg/m? R waves 
7 5 M ng — i 4 -epidoxorublan WI ST and low No cardiomegaly Died of cancer/ 
+ carcinoma . 1533 mg/m? R waves CHF 
8 57 F Ovarian Cyclophosphamide Doxorubicin II SR and low No cardiomegaly Alive NYHA I 
carcinoma A 564 mg/m? R waves 
9 5 E vanan Cyclophosphamide Doxorubicin. u ST and negative (Cardiomegaly) Sudden death 
carcinoma 550 mg/m? T waves 
10 60 M ung Arterial k Doxorubicin I ST and low (Cardiomegaly) Alve NYHA I 
A mesotheloma hypertension 550 mgjm? .- : R waves 
il 53 F Lung — 4-epldoxorubicin n SR and negative (Cardiomegaly) Died of cancer? 
carcinoma 645 mg/m? T waves 


ST, sinus tachycardia; SR, simus rhythm, CHF, congestive heart fulure; NYHA, New York Heart Association. Parentheses indicate presence of slight 
carchomegal y. 
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Table 2 Echocardiographic, scintigraphic, and haemodynamic data in 11 patients with anthracycline cardiotoxicity 


a 


Parent EDD ESD MSS RV LA Gated scan RA Systolic/diastalic pressure Angiography Cardiac index 
No em) fem) om cm cm NEE ae LVEF {“„) (liminim*) 
LVEF ("„) LVEF (°,) mean RV PA LV 
(rest) (exercise) (mm Hg) imm Hg) (mm Hg) 
1 42 30 04 20 2:5 — — 2 28/3 26,8 105/3 — (5-2) 
2 53 5 05 2-3 33 — — 5 34,7 34/15 115/7 59 38 
3 55 46 20 2:7 40 19 23 2 35/2 30/13 90/11 — 14 
4 Impossible; lung metastases 47 47 0 24/0 19/8 118/2 35 33 
5 33 45 1-2 30 5 17 21 12 37/12 38/21 85/22 23 16 
6 58 5-1 22 18 46 18 18 0 23/3 24.10 85/19 18 24 
7 50 4:2 1-0 2-2 2:8 40 40 0 21/1 196 85/4 33 29 
8 51 41 13 18 2:3 33 38 1 17/1 28/10 100/4 41 21 
9 51 43 15 15 26 41 45 0 27/3 27/10 115/15 51 36 
10 55 5-0 15 1-3 3-8 — — 0 22j1 22/8 115/11 H 16 
11 Impossible: lung metastases 38 B 9 30/10 28/12 80/13 — 2:5 


ad 
EDD, left ventricular end diastolic diameter; ESD, left ventricular end systolic diameter; MSS, mitral septal separation; RV, right ventricle; LA, left 


atrium; RA, right atrium; PA, pulmonary artery; LVEF", left ventricular ejection fraction, 


apart from the information that the patient had been 
treated with an antineoplastic drug. These grades 
are essentially: (1) occasional isolated myocytes 
showing myofibrillar loss or sarcoplasmic swelling; 
(2) more widespread changes with clusters of 
affected myocytes; (3) necrotic cells with nuclear and 
mitochondrial degeneration. Although fibrosis is a 
myocardial sequela of doxorubicin treatment, it is 
not used in the scoring because it is a non-specific 
reaction that can also be a side effect of radiation 
treatment. 

Informed consent was obtained from all patients 
before the invasive diagnostic procedures. 


Results 


Eight patients had been treated with doxorubicin 
and three with a derivative (4'-epidoxorubicin) for 
three weeks. Seven patients received combination 
chemotherapy with cyclophosphamide and/or 
5-fluorouracil or vincristine. The mean cumulative 
doxorubicin dose was 552 mg/m? body surface area 
(range 530-575 mg). The 4’-epidoxorubicin dose in 
patients 2, 7, and 11 was 360, 1533, and 645 mg/m? 
respectively. Table 2 shows the echocardiographic, 
scintigraphic, and catheterisation data. 


ECHOCARDIOGRAPHIC DATA 

Echocardiograms in nine patients generally showed 
modest dilatation of the left ventricle especially at 
end systole (mean 4-3cm), whereas the diameter at 
end diastole was generally normal (mean 5:2cm). 
There was also considerable reduction in con- 
tractility and asynchronous or paradoxical septal 
movement (Fig. 1). Small pericardial (two patients) 
or pleural effusions (two patients) were also seen. In 
two patients the echocardiograms were poor because 


of lung metastases, and further calculations were im- 
possible. 


SCINTIGRAPHIC 
DATA 

Left ventricular ejection fractions calculated from 
the gated blood pool scans ranged from 18°, to 47°, 
(mean 32,,); these values were unchanged during 
subsequent supine exercise (at a maximum work- 
load of 50 W). Left ventricular cineangiograms in 
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Fig. 1 


M mode echocardiogram from case 5, The left 
ventricle ( LV ) ts moderately enlarged at end systole with 
increased mitral-septal separation and reduced contractility. 
The numerical result for fractional shortening ( probably 
about 15°, ) is unreliable because of paradoxical septal 
movement (arrow). RV, right ventricle; IVS, 
intraventricular septum; PW, posterior wall of left ventricle. 
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grade 3 ye 
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Ejection fraction 23°. 


Fig. 2 End systolic and end diastolic frames from the left 
ventricular angiograms of case 5 showing a poorly 
contracting ventricle with an ejection fraction of 23°... 
Severe mitral regurgitation (grade 3/4) was present despite 
the ventricle being only moderately dilated. EDV, end 
diastolic volume; ESV, end systolic volume. 


eight patients showed a rigid contraction pattern in 
two and severe mitral incompetence in one (case 5) 
(Fig.2). None of the patients showed clinical evi- 
dence of concomitant ischaemic heart disease—that 
is they did not have angina pectoris or myocardial 
infarction. Non-selective coronary arteriography 
obtained during contrast injection of the aortic root 
did not show any evidence of important lesions of 
the major epicardial coronary arteries. 





PRESSURE MEASUREMENTS 

In nine of the 11 patients pressure tracings obtained 
during catheterisation showed a pseudo-dip and pla- 
teau configuration in diastole'’ '® in the left or the 
right ventricle or both (Fig. 3). Right ventricular 
early diastolic dip was seen in five patients, and a 
diastolic plateau was indicated in two. Seven pa- 





tients showed diastolic dip in the left ventricle and 
one patient showed a tendency to a plateau. There 
was a diastolic dip in three patients and a suggestion 
of a plateau in one, in the pressure curve from both 
ventricles. Prominent a waves,!” (that is “atrial 
kick”, an indirect indication of reduced ventricular 
compliance) were seen in nine of 11 patients; in the 
right ventricle in four, in the left ventricle in two, 
and in both ventricles in three. 


ENDOMYOCARDIAL BIOPSY DATA 

Light microscopy of cardiac biopsy specimens 
showed considerable fibrous thickening of the endo- 
cardium in 10 of the 11 patients, particularly in sam- 
ples from the left ventricle (Table 3). Only four of 
eight patients had some degree of endocardial 
fibrosis in samples of the right ventricular septum. 
The endocardial thickening was due to collagenous 
tissue, possible with some smooth muscle cell depo- 
sition (Fig. 4). No inflammatory cells were seen in 
the endocardial zone, and organised mural thrombi 
were only seen in the left ventricle of one patient 
(case 4). The myocardium was generally character- 
ised by cellular hypertrophy (both fibres and nuclei: 
and concomitant attenuation. The myocytes were 
regularly arranged without signs of disarray. Degen- 
erative changes (with loss of myofibrils and vacu- 
olation of the cytoplasm) were seen in the mos 
severe cases, such as case 3, The amount of inter- 
stitium was generally increased; in case 3 replace- 
ment fibrosis was also seen. The vessels appeared to 
be normal, and there were no signs of inflammation. 

Electron microscopic studies of biopsy material 
from nine patients generally showed swelling and 
increased numbers of mitochondria (Fig. 5). Nuclear 
crenation, intracellular oedema, and mito- 
chondriosis were non-specific, since similar changes 
were seen in biopsy specimens in two male controls 
(aged 50 and 47 years) before start of chemotherapy. 


Table 3. Endomyocardial biopsy data in 11 patients with anthracycline cardiotoxicity 








Patient Sampling sites Morphological Endocardial thickening — Mitochondriosis Myofibrillar — Sarcotubular Deformation 
No e grade ence drop out swelling of nuclei 
RV LV RV fum) LV (pm) 

1 + + 1 (focal LV) — ~ Slight Slight ~ Moderate 
2 + + 1 (focal LV} mee 60-100 Slight Slight cee Slight 
3 + + 3 (widespread LV) 60-100 > 100 Moderate Slight Slight Severe 

4 + + 1 (focal LV) 20—60 60-100 Severe Moderate Slight Moderate 
5 + + 1:5 (focal RV ~ 60-100 Moderate Moderate =e Slight 

and LV} 

6 ~ + 25 60100 Severe Moderate Slight Moderate 
7 + + 2:5 (widespread LV) 20-60 > 100 Moderate Severe Moderate Moderate 
8 + + 3 (focal LV) a 60-100 Moderate Moderate — Moderate 
9 + + 1* (focal LV) 20-60 60-100 

10 ~ + 2:5* > 100 

i - + 1 20-60 Moderate Slight _ Slight 





*Light microscopy. 
RV, right ventricle; LV, left ventricle. 
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Fig.3 (a) Left ventricular. pressure tracings from case 8 unth doxorubicrn cardiotoxicity (left) and a 36 year old woman 
with restrictive cardiomyopathy (right). There is a tendency to a diastolic dip and plateau configuration in case 8. The a wave 
13 not present tn the curve from the-whopathic case (right) with atrial fibrillation. (b) Pressure tracings from case 5 showing a 
waves and protodiastolic dip in the left ventricle. RV, right ventricle; LV, left ventricle. , 


Such changes have been shown to be non-specific 
markers of cardiac hypertrophy.'!? Disruption of the 
myofibrils and myofibrillar “drop out’’ were seen in 
eight patients (Fig. 6) and four patients showed focal 


sarcotubular swelling (Fig.7)-—-all characteristic , 


signs of chronic anthracycline cardiotoxicity.? 


HISTOLOGICAL FINDINGS IN THE LEFT AND l 


RIGHT VENTRICLES 
In eight patients in whom bilateral biopsy specimens 
were obtained, morphological damage was more 


pronounced in the left ventricle; this was especially 
true of endocardial thickening (in seven of eight 
cases) and also myocardial changes (in four of eight 
cases). Four patients had a normal right ventricular 
endocardium, and in one (cage 8) the right ventricu~ 
lar biopsy specimens were completely normal, 
whereas the left ventricular biopsy specimens 
showed moderate damage. The most severe endo- 
cardial fibrosis of the left ventricle (408 um; normal 
thickness <20 um!) was seen ın a patient (case 3) 
who had had radiation to the mediastinum. 
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Fig. 4 Photomicrograph of endomyocardial biopsy 
Specimens from case 5 showing normal endocardium in the 
right ventricle (RV) and fibrous thickening of the 
endocardium in the left ventricle (LV). (elastic van Gieson 
Stain. | 


NECROPSY MATERIAL 

Tissue was obtained from a patient (case 1) who died 
of pancreatic carcinoma in hospital one week after 
catheterisation. The histological appearance of the 
endomyocaedial biopsy specimens from this patient 
correlated well with the degree of damage observed 
in multiple sections from the myocardium (Bill- 
ingham grade 1). 





IS NL Ds Soe 
Fig.6 Electron micrograph (case 6) showing a myocyte 
with preserved myofibrils at the top, and at the bottom 


myocytic degeneration with myofibrillar loss and small 2 
In this study we have attempted to define the hae- tand fragments (arrows) along the inner cell membrani 


modynamic and histological features that are typical band lateralisation) ( x 4800). 


Discussion 





Fig.5 Electron micrographs of an endomyocardial biopsy specimen from case 6 showing: (a) nuclear crenation, increased 
number of mitochondria (mitochondriosis ), and some intracellular sedema ( x 1500) ; 16) mitochondriosis at a higher 
magnification { x 4800) in another area. 
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Fig. 7 Electronmicrographs of endomyocardial biopsy specimens from case 7 showing: (a) a single myocyte with extreme 
dilatation of the sarcotubular system (toluidine blue x 1000); and (b) the presence of the same feature, but to a lesser degree, 


at the level of an intercalated disc ( x 20000). 


of clinically overt anthracycline cardiotoxicity. The 
prognosis of patients with this iatrogenic disorder is 
poor? and many are almost untreatable. 

As in a previous study,’ we found no evidence of 
acute or chronic inflammation in the endo- 
myocardial biopsy specimens and we therefore did 
not use immunosuppressants.*° Morphological in- 
vestigations of endomyocardial biopsy material from 
the right ventricular septum are a reliable means of 
monitoring cardiac damage during anthracycline 
treatment. Such monitoring has meant that some pa- 
tients have been able to receive over 1000 mg/m? of 
doxorubicin.*! 

Myocytic changes, which are most clearly seen by 
electron microscopy, are the characteristic histo- 
pathological features of doxorubicin damage. The 
density of these lesions correlates linearly with cu- 
mulative dose. Their severity has been graded on the 
Billingham score? on a scale from 0 (no cells 
affected) to 3 (severe morphological damage). 

Data obtained during right heart catheterisation 
(at rest and during exercise) suggest a non-linear 
(parabolic) relation between electronmicroscopic 
changes and the degree of haemodynamic im- 
pairment. Some degree of tissue damage may be 
present without equivalent haemodynamic signs of 
impairment, and heart failure occurs only at a cer- 
tain critical morphological threshold.?? These myo- 
cardial doxorubicin lesions, which have been useful 
for adjusting the dosage of doxorubicin in individual 
patients, were present in most of our patients. Thus, 


the electronmicroscopic picture usually found dur- 
ing the period of doxorubicin treatment?” had not 
disappeared when our patients were investigated 
mean 2-7 months (range 0-5-5) after discontinuation 
of chemotherapy. Apparently, biopsy grading of 
cardiac damage based on material from the right 
ventricle?!~?> is the most sensitive and specific 
method for assessing doxorubicin cardiotoxicity. 
Eight of our patients had biopsy examination of both 
ventricles, and the degree of myocardial damage was 
most pronounced in samples from the left ventricle. 
This suggests that a false negative assessment may 
be obtainec if biopsy specimens are taken only from 
the right ventricular septum. 

Surprisingly, results from all but one patient 
showed pronounced fibrous thickening of the endo- 
cardium, a disorder which was most pronounced in 
the left ventricle (means 48 um and 138 ym in the 
right and left ventricles, respectively). This obser- 
vation had already been made indirectly in the cath- 
eterisation laboratory at biopsy when it was rather 
difficult to excise tissue specimens with the biop- 
tome. The mechanisms by which anthracycline car- 
diotoxicity leads to endocardial fibrosis are obscure. 
Until now endocardial fibrosis has been described in 
only a few case reports.” '° and such damage may 
have been attributed to radiation damage. Only one 
of our patients (case 3) had received radiation ther- 
apy, however; this patient had the most pronounced 
endocardial fibrosis. Methysergide has been re- 
ported to cause endomyocardial fibrosis,** as has 
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long term treatment with certain antineoplastic 
drugs such as busulfan?* in rare cases. 

The explanation that endocardial thickening is 
secondary to dilatation of the ventricles, which is a 
common finding in dilated cardiomyopathy,'® is cer- 
tainly inadequate in our patients who had only 
modest cavity enlargement. Endocardial lesions 
with a patchy distribution may resemble the changes 
seen in carcinoid heart disease that seem to be re- 
lated to an excess of circulating serotonin.?° Hor- 
monal mechanisms, such as histamine mediated 
damage,”” may have been involved in anthracycline 
related endocardial fibrosis in our study, in which 
left ventricular involvement predominated (unlike 
the predominantly right ventricular involvement 
found in carcinoid heart disease). 

Eosinophilic cells, which are found in endocardial 
fibrosis caused by Loeffler’s endomyocardial dis- 
ease,*® were not detected in our biopsy specimens. 
In Loeffler’s endomyocardial disease damage is ap- 
parently caused by eosinophilic cationic proteins. 
Cardiotoxic factors produced by certain tumours, 
such as circulating humora! substances, may be one 
of the factors giving rise to both myocardial and en- 
docardial lesions.?° 

To our knowledge this is the first published report 
of endocardial fibrosis.in a series of patients who 
have had anthracycline treatment. The value of a 
diagnosis of endocardial thickening in monitoring 
cancer patients during treatment with anthra- 
cyclines remains to be established. Endocardial 
thickening may, however, be the first morphological 
sign of cardiotoxicity. This accords with reports that 
myocardial changes first appear in the sub- 
endocardium (Billingham ME, personal commu- 
nication). Our data and the outcome of treatment of 
heart failure in cases of overt cardiotoxicity, do not 
suggest that endomyocardial biopsy has any recog- 


nisable consequences. The procedure seems justified’ 


only in cases of latent cardiotoxicity'? when the pos- 
sible development of chronic cardiotoxicity is being 
considered. We found that initial clinical status 
(New York Heart Association functional class) cor- 
related with morphological grading (Billingham 
score}—that is the higher the pathological score the 
worse the clinical status (Tables 1 and 3). 

The endomyocardial data and echocardiographic 
findings (that is a modest dilatation of the left ventri- 
cle) and the pressure curves seem to indicate that 
overt anthracycline cardiotoxicity is to some extent a 
restrictive endomyocardial disease. This may have 
therapeutic implications. For example vasodilator 
agents should be given with caution. Conversely, co- 
enzyme Q-10 may be used without additional risk to 
improve cardiac function.*° 
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CONCLUSION 

Chronic anthracycline cardiotoxicity, which has 
been classified as a dilated heart disease (mimicking 
congestive cardiomyopathy), seems to be character- 
ised by pronounced endocardial fibrosis. Mor- 
phological observations, mainly from the left 
ventricle of patients who had not received radio- 
therapy, together with echocardiographic and hae- 
modynamic data, suggest that anthracyclines can 
mediate a toxic endocardial disorder. When this 
heals restrictive endomyocardial disease develops in 
parallel with certain- characteristic myocardial 


effects. Pronounced ;endocardial- fibrosis, however,- 7 


has been seen in patients with low grade myocardial 
damage; and the changes may not be detected when 
investigations are made of the right ventricle only. 
The present observations may contribute to the un- 
derstanding: of the obscure pathogenesis of anthra- 
cycline cardiotoxicity, and may be useful in 
modifying the treatment of patients with anthra- 
cycline induced heart failure.- —- 
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Non-invasive grading of aortic regurgitation by 
Doppler ultrasonography 
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HANS E SCHMITT, FELIX BURKART, DIETER BURCKHARDT 


From the Division of Cardiology, University Hospital, Basle, Switzerland 


SUMMARY Doppler ultrasound without concomitant echocardiographic imaging was used to 
grade isolated aortic regurgitation in 21 patients. The severity of aortic regurgitation was sub- 
sequently graded (from 0 to IV) angiographically. 

A 2 MHz continuous wave Doppler transducer was placed over the apex of the heart and the 
beam was aimed parallel to the mitral flow by means of acoustic guidance. Mitral pressure half 
time was calculated from the analogue maximum velocity tracing and it was <60 ms in 10 
controls; 50-120 ms in five patients with grade II, 120-160 ms in nine patients with grade III, and 
2160 ms in seven patients with grade IV aortic regurgitation. 

These results indicate that a semi-quantitative grading of aortic regurgitation may be obtained 
non-invasively with non-imaging Doppler ultrasonography in patients without concomitant 


mitral valve disease. 


In patients with severe aortic regurgitation the pre- 
systolic murmur described by Austin Flint in 1862 
presumably results from impairment of mitral flow 
by the aortic regurgitant jet impinging on the mitral! 
valve.’ Because intracardiac blood flow can be mea- 
sured non-invasively by Doppler ultrasonography,” 
we investigated the possibility of predicting the 
severity of aortic regurgitation on the basis of mitral 
flow measured by the Doppler method. 


Patients and methods 


PATIENTS 

We studied 21 patients with aortic regurgitation (15 
men, 6 women, aged 27-74 years). Patients with 
rheumatic mitral valve disease were excluded by 
echocardiography. All patients underwent sub- 
sequent left heart catheterisation and biplane aor- 
tography for visual grading of aortic regurgitation 
by an independent observer (grade 0, no regur- 
gitation; grade I, faint regurgitation; grade II, frank 
regurgitation without accumulation of contrast 
material within the left ventricle; grade III, regur- 
gitation and accumulation of contrast; grade IV, free 
regurgitation with immediate opacification of the 
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entire left ventricle). We also studied 10 controls 
without valvar heart disease. 


DOPPLER TECHNIQUE 

A 2 MHz continuous wave ultrasound transducer 
without imaging capability was placed over the apex 
of the heart, with the ultrasonic beam aimed towards 
the mitral orifice and kept parallel with the mitral 
blood flow by means of, acoustic guidance. The 
Doppler instrument (Pedof, Vingmed, Oslo) is 
equipped with frequency estimators, providing ana- 
logue outputs of non-directional maximum flow 
velocity (Vmax) and directional mean velocity 
CVinean)) When the typical diastolic audiosignal of 
mitral flow was heard, simultaneous recordings of 
electrocardiogram, Vmeas, and Vna, were made at 50 
mm/s paper speed. The mitral pressure half time 
(t/2) was determined from the V „a recordings—that 
is the time required for Vmax at its peak diastolic 
value (A) to reach the point B = A/,/2 (Fig. 1). 
t/2 has been shown to correlate inversely with the 
area of the mitral valve orifice in patients in whom 
mitral flow is impaired by mitral stenosis.” ° 


STATISTICAL ANALYSIS 

Doppler and angiographic data were compared by 
the non-parametric rank correlation method of 
Kendall.* 
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Fig. 1 Schematic representation of normal mitral flow (left) and prolongation of mitral pressure half time (t|2) (right). 


Vma, maximum flow veloaty. 


Results 


Mitral pressure half time was <60 ms in all controls, 
whereas it was 50-120 ms in the five patients with 
grade II aortic regurgitation; 120-160 ms in the nine 
patients with grade III aortic regurgitation; and 
> 160 ms in the seven patients with grade IV aortic 
regurgitation (Figs. 2 and 3). There was a highly 
significant correlation between the angiographic and 
Doppler grading (Kendall’s rank correlation test, 
p<0-001). Left ventricular end diastolic pressures 
ranged from 8 mm Hg to 44 mm Hg. There was no 
correlation between t/2 and left ventricular end 
diastolic pressure. An Austin Flint murmur was 
detected clinically in eight of 16 patients with grade 
III or IV aortic regurgitation. 
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Fig.2 Prolonged mitral pressure half time (200 ms) as 
measured on the mitral maximum flow velocity curve in a 
Patient with severe aortic regurgitation (angiographic grade 
IV) (cahbration™ 1 mjs; paper speed = 50 mm/s). 


Discussion 


Non-invasive grading of aortic regurgitation has 
been unrewarding in the past. Because the aortic 
regurgitant jet can be detected directly by Doppler 
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Fig.3 Comparison of mitral pressure half time (t/2) as 
measured by the non-invasive Doppler method and 
angiographic grade of aortic regurgitation in 21 patients with 
aortic regurgitation and tn 10 controls (p<0 001 by 
Kendall's rank correlation test). 
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ultrasound techniques there have been several 
attempts at quantitation. Boughner calculated a 
regurgitant fraction from planimetric comparison of 
forward-to-reverse flow curves.° A similar approach 
was used by Sequeira and Watt and by Quinones er 
al,’ whereas Diebold et al reported the use of a 
forward-to-reverse velocity index.® The usefulness 
of these methods is limited primarily by the consid- 
erable overlap of data and by the difficulty of obtain- 
ing adequate simultaneous tracings of systolic and 
diastolic flow curves. Jenni et al showed that the use 
of multiple gates (pulsed wave mode) provides a bet- 
ter basis for measurement of flow.° This technique, 
however, is experimental. Ciobanu et al reported a 
different technique with mapping of the left ventric- 
ular outflow tract to detect the presence of aortic 
regurgitant flow, and the results of this method 
accorded well with angiographic grading.!° Their 
method needs to be confirmed. 

We used the simple and inexpensive technique of 
continuous wave Doppler without concomitant 
echocardiographic imaging. The impairment of 
diastolic flow through the mitral orifice was used as 
a measure of aortic regurgitation. Prediction of the 
angiographic severity of aortic regurgitation by this 
method was good (Fig. 3). Most authorities agree 
that though there may be early closure of the mitral 
valve in cases of acute aortic regurgitation, this is not 
likely to be responsible for the Flint murmur in all 
cases. The Flint murmur seems to arise rather as a 
result of turbulence generated between mitral and 
aortic flows in diastole. +! 

Alteration of mitral flow can only be used as a 
measure of aortic regurgitation in patients without 
mitral valve disease because in mitral stenosis the 
duration of t/2 is inversely related to the mitral valve 
area.’ Also in patients with severe aortic regur- 
gitation clear recordings of mitral flow are some- 
umes difficult to obtain because of excessive tur- 
bulence. Indeed, mitral V nax tracings were difficult 
to record in some of our patients. Normal mitral flow 
does not entirely rule out important aortic regur- 
gitation because the regurgitant jet may be diverted 
more towards the left ventricular posterior wall and 
thus avoid the mitral inflow. Care must also be taken 
to avoid the aortic regurgitant jet. This is accom- 
plished by searching for the typical biphasic pattern 
of mitral flow with low velocity. 

An alternative explanation for prolongation of t/2 
in patients with aortic regurgitation is that the 
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increase in left ventricular end diastolic pressure 
impedes left atrial emptying. The relation between 
t/2 and end diastolic pressure in our patients, how- 
ever, was less obvious than that between t/2 and aor- 
tic regurgitation grade, and t/2 was normal in 
patients with raised end diastolic pressures due to 
congestive heart failure of non-valvar ongin. 

In conclusion, non-invasive grading of aortic 
regurgitation by measurement of mitral flow 
impairment with a simple continuous wave Doppler 
ultrasound method without simultaneous imaging is 
feasible in patients without concomitant mitral valve 
disease. 
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Comparative aspects of the dual role of the human 
atrioventricular node 


FRITS L MEIJLER 
From the Department of Cardiology, University Hospital Utrecht, The Netherlands 


SUMMARY As well as transmitting the impulse from the atria to the ventricles the atrioventricular 
node has two other important functions namely: (a) synchronisation of atrial and ventricular 
contractions by a varying delay; and (b) protection of the ventricles from rapid atrial arrhythmias. 
The relative importance of these two functions appears to differ in large and small mammalian 
hearts. In small mammals synchronisation of atrial and ventricular contractions is the major 
function of the atrioventricular node, whereas protection from rapid atrial arrhythmias may be its 
most important function in large mammals. Atrioventricular conduction time in sinus rhythm is 
ten times longer in the whale (500 ms) than in the rat (50 ms). A whale heart, however, is about 
100 000 times heavier than a rat heart. During atrial fibrillation the ventricular rate in a dog heart 
is only three times faster than in a horse, whereas a horse heart may be 40 times as heavy as that 
of a dog. Hence there is a considerable discrepancy between the size of the mammalian heart and 
the functions of its atrioventricular node. Analysis of several anatomical and functional aspects of 
atrioventricular conduction systems in mammals of all sizes showed that the importance of the 
delaying role of the atrioventricular conduction system diminishes as the size of the mammal 
increases, whereas the protective role of the atrioventricular node probably increases. The func- 
tion of the human atrioventricular node seems to be intermediate between that of the small and 
large mammals. 


In normal hearts electrical impulses travelling from 
the atria to the ventricles have to traverse the atrio- 
ventricular node. “The relation between heart size 
and the time intervals of the heartbeat with particu- 
lar reference to the elephant and the whale” was 
reported by White and his associates almost 70 years 
ago.'~? They stressed the essential role of the atrio- 
ventricular conduction system in determining the 
PR interval and QRS duration.‘ Traditionally the 
atrioventricular node is regarded as the delay and 
synchronisation centre between atrial and ventricu- 
lar contractions.* Í Precise tuning of atrioventricular 
delay optimises the contribution of atrial contraction 
to ventricular filling and subsequent contraction. 
Such adjustments allow some human beings to run 
the 100m within 10 seconds or to cover the mar- 
athon in less than 2'4 hours. 
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Patients with the Wolff-Parkinson-White syn- 
drome have an accessory pathway directly con- 
necting the atria and the ventricles. This connection 
lacks the protective delay of the normal atrio- 
ventricular node.’ ® The electrophysiological prop- 
erties of the accessory atrioventricular pathway, for 
example a short refractory period or a limited capac- 
ity for concealed conduction or both,?~ 1? result in a 
bypass or short circuit of the normal atrioventricular 
connection. 

Because they lack normal atrioventricular nodal 
delay such patients are more susceptible to ventricu- 
lar tachycardia or even ventricular fibrillation in the 
presence of rapid atrial arrhythmias such as atrial 
fibrillation. 

Thus, in addition to its potential to act as an 
emergency pacemaker, the human atrioventricular 
node has two equally important functions: (a) a syn- 
chronisation of atrial and ventricular contractions by 
a varying delay; and (b) protection of the ventricles 
from atrial tachycardias. A comparative analysis of 
this dual atrioventricular nodal role in various mam- 
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Comparative atrioventricular conduction 


malian hearts may help us to a better understanding 
of atrioventricular conduction in human beings 
under normal and abnormal conditions. 


COMPARATIVE MORPHOLOGY 

All mammalian hearts have essentially the same 
architecture. A knowledge of the anatomy of the 
heart of one species usually makes recognition of 
corresponding anatomical details in other mam- 
malian hearts easy. Nature has used the same blue- 
print for all mammalian hearts from the mouse to 
the whale. '* 

In addition there are considerably more simi- 
larities than differences between the ultrastructure 
of cardiac muscle in different mammals, for example 
the presence of transverse tubules in mammalian 
myocardial fibres.!°'© Moreover, cardiac muscle 
cells tend to be of uniform diameter (approximately 
10 to 15 um).!67!18 The diameter of mammalian 
myocardial fibres reflects an optimal relation 
between cell volume and the oxygen diffusion rate.!° 
Furthermore, there is little difference in metabolic 
rate per gram tissue between the rabbit and 
elephant.” Hence, not only do the blueprints of all 
mammalian hearts show great similarities, but the 
bricks with which the mammalian hearts are built 
are of sumilar size and form. 

Despite the great anatomical similarities in the 
mammalian atrioventricular conduction sys- 
tems,”!?? there are geometrical and morphological 
differences as well.?? 24 For instance, the so called 
classic, large Purkinje cells of the heart are found 
mainly in the larger mammals like ungulates, 
elephants, and whales. In small mammals the special 
conduction fibres can be identified only by the 
absence of transverse tubules.'®?* In human hearts 
the distribution of Purkinje cells seems to be related 
to maturity and heart size. In infants and children ıt 
is rare to find Purkinje cells in the bundle 
branches.** 


HEART WEIGHT IN MAMMALS OF DIFFERENT 
SIZES 

Heart weight varies nearly as the first power (0-98) 
of body weight over essentially the whole mam- 
malian range.*® The weight of the mammalian heart 
is about 0:6% of the body weight.?” From compara- 
tive anatomical studies*! #724 it appears that the 
size (volume would be a better word) of the atrio- 
ventricular mammalian node also increases with the 
size of the heart, although not in a fully proportional 
manner. The heart of a 30 ton whale weighs approx- 
imately 100 000 times as much as the heart of a 300 g 
rat and one would expect that the whale’s atrio- 
ventricular node would also be about 100 000 times 
larger than that of a rat. In terms of length rather 
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than volume or weight the atrioventricular node of 
the whale will be 40-50 times greater than that of the 
rat. These considerable differences in size of the 
atmoventricular node are not reflected in 
the functions of the atrioventricular conduction 
system.?8 


COMPARATIVE FUNCTION 

Atrioventricular conduction time in the rat is about 
40-50 ms while even in the largest whales 1t 1s proba- 
bly not more than 500 ms.78?° Heart rate in a large 
whale 1s 6-10 beats per minute except when the ani- 
mal is diving,*° and in the rat it 1s 300-360 beats per 
minute. 

The postulated scaling factor between the whale 
and the rat for the estimated volume of the atrio- 
ventricular node is 100000, but the ratio of atrio- 
ventricular conduction times is only 10. Thus there 
is a 10000 fold mismatch between size and function. 
There is a similar discrepancy between dimensions 
of the heart and function in QRS duration, which is 
150-200 ms in the elephant or whale and 10-20 ms 
in the rat.?? In 1927 Clark observed that “The most 
striking thing is, that the P-R interval varies so little 
in different animals. The delay at the a—v. junction 
therefore varies relatively little in different species of 
mammals.”?8 


ATRIAL FIBRILLATION 

Since all mammalian myocardial cells are approx- 
mately the same size, the hearts of large mammals 
must contain very many more cells than small 
hearts.!” As early as 1914 Garrey,! and more 
recently Moe and his group,?? >? showed that large 
hearts are more vulnerable to fibrillation than small 
hearts. In fact the rat heart rarely if ever fibrillates.°* 
Atrial fibrillation would be expected to occur quite 
often in large mammals, and this is certainly borne 
out by findings ın horses.’ 

Possibly because the organisation of atrial and 
ventricular electrical excitation differs???” atrial 
fibrillation is much more common than ventricular 
fibrillation. 

The magnitude of differences between ventricular 
rate and rhythm during atrial fibrillation in dog, 
man, and horse is remarkably small considering 
their great differences in heart size.’ For instance, 
the median ventricular rate during atrial fibrillation 
in the horse is 50-60 beats per minute compared 
with 150-180 beats per minute in the dog. Thus 
during atrial fibrillation the horse heart beats only 
three tumes more slowly although it is at least 40 
times larger. Neither the anatomical nor the phys- 
iological basis for this relatively small difference in 
ventricular rate 1s known. It is unlikely to be due to 
differences in the nature of atrial fibrillation itself, 
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since few morphological and electrophysiological 
differences have been seen between different types 
of mammalian atrial cells,!53° Possibly the atrio- 
ventricular nodes of larger mammals contain fewer 
cells per given volume of node,?* 


ATRIOVENTRICULAR CONDUCTION VELOCITY 
Despite the considerable difference in the size of 
their hearts there is little difference between the 
atrioventricular conduction times of, for example, 
the horse and the whale.*® The same is true for the 
PR interval in relation to age (and thus heart size) in 
man—this ranges from 100-110 ms in the neonate to 
only 150-200 ms in the adult.*° It is also striking 
that the timing of the atrial contraction relative to 
the ventricular contraction appears to be fairly con- 
stant in larger hearts—for example those of the 
horse, elephant, and whale. Moreover, I have 
observed that in the elephant, for instance, there is 
little change in PR duration with heart rate; this 
accords with data presented by White er al.? 

Given that diastole lasts longer in large mammals, 
the duration of the PR interval may have less 
influence on efficient ventricular ejection in larger 
animals. The umportance of the role of the atrio- 
ventricular node for tuning atrioventricular delay 
seems to diminish as the size of the heart increases. 

Since the size and arrangement of Purkinje fibres 
within the His bundle are very similar ın sheep and 
whales! such features cannot explain why the PR 
interval in the whale is only twice as long as that in 
the sheep. Similar fibre diameter in the His 
bundles should result in similar conduction 
velocities*! +7; however, Pressler*? and others** 45 
reported a disparity between conduction velocity 
and fibre diameter. Sommer and Johnson believe 
that an increase in the diameter of the conduction 
fibres from approximately 10 um in the smal! mam- 
mal to around 50 um in the hearts of large mammals 
can explain the faster conduction in large mam- 
mals, 15 

Conduction velocity may also increase within the 
Purkinje fibres as the size of the animal increases. 
Unfortunately the data that are most relevant to 
these assertions—that 1s those from the mouse, 
elephant, and whale—are not available. The 
arrangement of the fibres within the bundles and 
intercellular resistance may also affect conduction 
velocity. 

The conduction velocity in the large branches of 
the human heart is about 2:5 m/s.*® In a large whale 
the His bundles are probably about one metre long. 
To obtain PR intervals of 500 ms (or less), at the 
same atrioventricular nodal delay, conduction veloc- 
ity within the His bundles of a large whale would 
have to be 20-40 times faster than in the human 
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heart. This seems highly unlikely. Assuming a more 
or less similar conduction velocity in the whale’s His 
bundles as in those of the human heart, it would take 
several hundred ms to cover the distance from atrio- 
ventricular node to the intramyocardial Purkinje 
network. If this assumption ıs true, the atrio- 
ventricular node in a whale’s heart is unlikely to con- 
tribute much to the total PR interval.?® 


Discussion 


The preceding arguments suggest that impulse 
delay and synchronisation in the atrioventricular 
node may not be important in very large mammals 
such as the elephant and whale. In such animals the 
atrioventricular node can make little or no con- 
tribution to atrioventricular conduction delay 
because propagation through the His bundle(s) itself 
must account for most of the atrioventricular con- 
duction time. Nevertheless, the atrioventricular 
node remains important in larger mammals. Large 
mammals, such as human beings and horses, partic- 
older ones, often develop atrial 
fibrillation.77*7~*9 The major importance of the 
atrioventricular node in large mammals may well be 
the protection of the ventricles against fibrillation or 
tachycardias during atrial fibrillation or other rapid 
atrial arrhythmias. 

The human body is near the median of the loga- 
rithmic mammalian weight scale; in terms of atrio- 
ventricular node function it also occupies an inter- 
mediate position. In the young the atrioventricular 
node beautifully synchronises atrial and ventricular 
contractions, so that strenuous exercise may be per- 
formed. In old age the function of the atrio- 
ventricular node in protecting the individual against 
arrhythmias becomes crucial to survival. The dual 
role of the atrioventricular node in the human heart 
represents a watershed between atrioventricular 
nodal function in the small and the large mammalian 
species. 


This paper is the result of lengthy discussions with 
and the constructive criticism of many friends and 
colleagues. 


Supported by the Wijnand M Pon Foundation, 
Leusden, The Netherlands. 
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Treatment of paroxysmal supraventricular 
tachycardia with intravenous injection of adenosine 
triphosphate 


DAIJI SAITO, MASAYUKI UEEDA, YUKIHIRO ABE, HIDEKI TANI, 
TAKAAKI NAKATSU, HIDENORI YOSHIDA, SHOICHI HARAOKA, 
HIDEO NAGASHIMA 


From the First Department of Internal Medicine, Okayama University Medical School, Okayama, Japan 


SUMMARY ` Intravenous adenosine triphosphate rapidly terminated all 11 episodes of paroxysmal 
supraventricular tachycardia in 10 patients. Eight patients reported side effects but these resolved 
within 20 seconds and did not require treatment. 


Adenosine triphosphate is a suitable agent for the rapid | termination of paroxysmal supra- 


- ventricular tachycardia. 


Verapamil, propranolol, digitalis, « and cardioversion 
have ‘all been used to treat paroxysmal supra- 


ventricular -tachycardia. Since 1955 adenosine tri-- 


phosphate has also been used in some parts of 
Europe to treat acute episodes of paroxysmal supra- 
ventricular tachycardia, and the electrophysiological 
effects of this agent have been reviewed by Belhassen 
and Pelleg.' The effect of adenosine triphosphate on 
the sinus and atrioventricular nodes has been 
investigated in animals.? ’ The effects of adenosine 
triphosphate are largely mediated by its metabolite, 
adenosine. Adenosine, which is increased in the’ 
ischaemic myocardium, has been implicated in the 
_causation of atrioventricular block.* $ DiMarco et al 
reported that intravenous adenosine depressed sinus 
node automaticity and atrioventricular conduction 
and was an effective agent in the treatment of re- 
entrant supraventricular arrhythmias. More 


recently the effect of adenosine on atrioventricular ` 


conduction has been attributed to its binding to, 


extracellular receptors.” Adenosine, like acety- ` 
Icholine, has been reported to increase potassium ` 


conductance,® to réduce calcium mediated slow 
channel influx,® and possibly to have indirect anti- 
adrenergic effects.’° Adenosine triphosphate in dogs 
had direct negative dromotropic and chronotropic 
effects (not involving a cholinergic component) 


Requests for reprmts to Dr Dayı Saito, The First Deparment of 
Internal Medicine, Okayama University Medical School, 2-5-1 
Shikate-cho, Okayama 700, Japan. 
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had sick 


which lasted for 5-30 seconds, and repeated admin- 


istration produced neither tolerance nor cumulative 


effects.? The. purpose of the present study was to 
determine the efficacy, rapidity of action, and side 
effects of adenosine triphosphate in the treatment of 
paroxysmal supraventricular tachycardia. 


Patients and methods 
We studied 11 episodes of tachycardia ın 10 patients 


(6 men and 4 women, mean (SD) age 56 (15) years). 
Table 1 shows- the clinical characteristics of the 


_ patients. Five patients had been treated over several 


years at intervals of 1-9 months. One patient (case 4) 
sinus syndrome with bradycardia- 
tachycardia syndrome. Another. had isolated 
Wolff-Parkinson-White syndrome, and none had 
congestive heart failure. During the episodes of 
tachycardia all patients complained of palpitation, 
two complained of mild dyspnoea, and two com- 
plained of cold sweats. 


FEATURES OF TACHYCARDIA 

The heart rate ranged from 146 to 200 beats per 
minute, and in-each patient the rate was constant 
from minute to minute. The P wave was not seen in 
8 (73%) episodes; it apparently occurred simulta- 
neously with the QRS complex. The P wave was 
confined to the proximal portion of the ST segment 
in two patients so that the R-P’ interval was shorter 
than the P-R interval. One patient (case 3) had 
longer R-P” intervals than P’-R intervals, suggesting 
a fast-slow ‘form of junctional--re-entrant tachy- 
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Table 1 Climecal characteristics of patients with paroxysmal supraventricular tachycardia 
e (yr) Heart rate Blood pressure (kPa) Interval ing of 
ME (beat|mmn) attack to treatment (h) 
Systole Diastola 
Mean 56 168 12:57 NA 26 
Range 28-76 146-200 771-15 96 Undetecmably low— 02-50 


13-30 


Because diastolic blood pressure was undetectably low in four episodes, mean values of diastolic pressure were not calculated. 


Conversion: SI to tradinonal units—] kPa=7 5 mm Hg 


cardia.’ The QRS configuration was identical to 
that of sinus rhythm except in the patient with 
Wolff-Parkinson-White syndrome in whom the 
duration of the QRS complex was normal during 
tachycardia. 


STUDY PROTOCOL 

After we had measured blood pressure and had 
obtained a standard 12 lead electrocardiogram, we 
injected adenosine triphosphate intravenously as 
rapidly as possible (within 5 seconds). Eight attacks 
in eight patients were treated with 20 mg and three 
attacks in two patients were treated with 10 mg. 
Lead II or CM5 electrocardiograms were con- 
tinuously recorded from just before the injection to 
one minute after the end of tachycardia or until two 
minutes after the end of adenosine triphosphate 
injection, and the electrocardiogram was then mon- 
itored for the next five minutes. We noted the inter- 
val between adenosine triphosphate injection and 
the end of tachycardia, the pause at termination, the 
pattern of interruption, side effects, and blood pres- 
sure three minutes after termination. 


Results 


Five episodes of tachycardia were treated with ade- 
nosine triphosphate within two hours and six epi- 
sodes were treated between three and five hours after 
the beginning of the episode. Systolic blood pressure 
before treatment varied from 7:71 to 15 96 kPa (58 
to 120 mm Hg). In three cases (four episodes) 
diastolic blood pressure was too low to measure with 
a sphygmomanometer. 

The Figure shows a typical response on the elec- 
trocardiogram (lead CM5) to 20 mg of adenosine 
triphosphate (case 10). The heart rate during tachy- 
cardia was 160 beats/minute. The tachycardia ended 
6-2 seconds after injection of the nucleotide, and this 
was followed by sinus rhythm with wide QRS com- 
plex and pronounced atrioventricular block. Regular 
sinus rhythm was restored 14-4 seconds after the end 
of tachycardia, after an intervening period of atrio- 
ventricular dissociation. The patient complained of 
mild nausea which disappeared within 10 seconds. 


All patients responded well to adenosine tri- 
phosphate. In the patient with sick sinus syndrome, 
however, a second episode of supraventricular 
tachycardia started five minutes after the end of the 
first episode. On two separate occasions a patient 
with Wolff-Parkinson-White syndrome was suc- 
cessfully treated with adenosine triphosphate. Table 
2 summarises the effects of the nucleotide on the 
electrocardiograms obtained during the 11 episodes. 
Tachycardia ended within 15 seconds (mean 
10 7(3-4)) of the start of the injection of adenosine 
triphosphate. The first QRS complex appeared 
within four seconds of the end of tachycardia in 10 
episodes; the remaining episode was followed by a 
pause lasting for approximately six seconds. The 
first QRS complex originated from the sinus node 
after six episodes, from the atrioventricular junction 
after four episodes, and from the ventricle after one 
episode. The longest R-R interval occurred between 
the first and the second heart beat or between the 
second and the third heart beat in six episodes, and 
after two episodes the longest R-R interval occurred 
immediately after the end of tachycardia. Sinus 
arrest or pronounced sinus bradycardia and atrio- 
ventricular block with junctional escape beats were 
common features at the end of tachycardia. Regular 
sinus rhythm was restored within 18 seconds of the 
end of tachycardia. No ventricular arrhythmias were 
precipitated. Blood pressure measured three 
minutes after the end of tachycardia was 
significantly higher than during tachycardia. 


SIDE EFFECTS 
Eight patients reported side effects, but these 
resolved within 20 seconds and required no action. 


Discussion 


All 11 episodes of paroxysmal supraventricular 
tachycardia in 10 patients responded successfully to 
treatment with intravenous injection of adenosine 
triphosphate. Digitalis, beta blockers, and cardio- 
version have all been used for the short term treat- 
ment of paroxysmal supraventricular tachycardia, 
but intravenous verapamil is the current drug of 
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Fig Electrocardiogram from lead CMS in case 10. Three continuous sections of the record are shown. 
Paroxysmal supraventricular tachycardia ended 6-2 seconds after injection of adenosine triphosphate (20 
mg), and 14-4 seconds later regular sinus rhythm (100 beats/min) was restored. 


choice. Verapamil is reported to be successful in 
most patients,/? 43 but it can cause hypotension or 
bradycardia and aggravate heart failure, especially in 
patients with myocardial disease'* or in those who 
have been treated with beta blockers.!* The half life 
of intravenous verapamil has been estimated to be 
18-45 minutes in the initial rapid phase (@ phase) 
and 3-6 hours in the later slow period (B phase), !® 17 
and persistence of the active drug in the plasma may 
complicate the management of patients with side 
effects. A comparative study of adenosine and ade- 
nosine triphosphate in the dog showed that the 
nucleotide produced direct negative dromotropic 


and chronotropic effects on atrioventricular conduc- 
tion and on atrioventricular junctional rhythm 
respectively.’ DiMarco et al also reported a remark- 
able effect of adenosine for short term treatment of 
supraventricular tachycardia whenever re-entry 
through the atrioventricular node is involved.'8 
These effects strongly suggest that adenosine triph- 
osphate may be effective in terminating acute epi- 
sodes of supraventricular tachycardia that affect the 
atrioventricular node via the re-entry pathway. Pre- 
vious reports had suggested that the actions of ade- 
nosine triphosphate on tachycardia are due to ade- 
nosine produced by hydrolysis of the nucleotide.? © 


Table 2 Timing of electrocardiographic events after myection of adenosine triphosphate 





Case No ATP dose (mg) I to end time (3) 

1 10 108 18 
2 10 120 26 
3a 10 84 10 
3b 20 100 85 
4 20 150 30 
5 20 120 60 
6 20 80 20 
7 20 100 17 
“8 20 74 36 
9 20 144 100 
10 20 62 08 
Mean 107 37 
sD 34 31 


End to P time (s) EndtoR tme (s) Longest R-R 


End to sinus nme 
interval (s)* (s) 
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ATP, adenosine tmphosphate; I to end ume, interval from injection of adenosine triphosphate to end of tachycardia, end to P ume, nme 
from ‘end of. tachycardia to the first P wave after termunation of tachycardia, end to R ume, time from end of tachycardia to the first QRS 
complex after end of tachycardia; end to sinus ume, time from end of tachycardia to restoranon of regular sinus rhythm; SD, standard 


deviation 
*Longest R-R interval after end of tachycardia. 
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Ronca-Teston: and Borghini have shown that ade- 
nosine triphosphate is almost completely metabo- 
lised to adenosine during a single passage across the 
heart, and adenosine!’ is only effective for 30 sec- 
onds because it is so rapidly taken up by most types 
of cell and deaminated to inosine which is inactive. 
The rapid clearance of adenosine triphosphate from 
plasma means that tachycardia may be safely treated 
by monitoring the response to a given dose over only 
one or two minutes, and then gradually increasing 
the dose until the arrhythmia stops. Repeated doses, 
even when these are increased, are not cumulative, 
and the side effects disappear within seconds. This 
characteristic is the main advantage of adenosine 
triphosphate, which did not cause harmful side 
effects and is unlikely to interact in an unpredictable 
way with other drugs or cardioversion. 

We used 10 mg or 20 mg doses of adenosine triph- 
osphate in this study. Greco et al used 15 mg of ade- 
nosine triphosphate to treat episodes of tachycardia 
in infancy.*° In adults, Somlo,?!_ Komor and 
Garas,?? Coumel et al? and Motte and his 
coworkers** have reported considerable success 
after single doses of 10-70 mg of the nucleotide 
without harmful side effects. In the present study 10 
mg of adenosine triphosphate successfully converted 
tachycardia to sinus rhythm in all three cases in 
which it was used. This result suggests that, in 
Japanese patients at least, doses of the nucleotide 
should start at 10 mg or less with a gradual increase 
in dose every two or three minutes until the tachy- 
cardia 1s terminated. 

In conclusion, adenosine triphosphate has fea- 
tures that indicate that it may be one of the safest 
and the most effective methods of. treating par- 
oxysmal supraventricular tachycardia, but more 
extensive trials are needed to establish this. 
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Socioeconomic factors.and physical activity in 
relation to cardiovascular disease and death 

A 12 year follow up of participants in a population 
study of women in Gothenburg, Sweden 
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SUMMARY In a prospective population study of middle aged women socioeconomic factors and 
physical activity as initially reported were related to the 12 year incidence of ischaemic heart 
disease and to total mortality. There was a significant age specific correlation between low socio- 
economic status according to the husband’s occupation and myocardial infarction. No such asso- 
ciation was seen between the socioeconomic status of the women themselves and myocardial 
infarction. Women with a low educational level had a significantly increased age specific incidence 
of angina pectoris. There was no significant correlation between marital status or number of 
children and incidence of ischaermc heart disease or overall mortality. Women who initially 
reported low physical activity at work during the last year had a significantly increased age specific 
12 year incidence of stroke and death, as did those who reported low physical activity during 
leisure hours in whom the incidence of myocardial infarction and electrocardiographic changes 
indicating ischaemic heart disease were also increased. Multivariate analyses showed that the 
association between low educational level and incidence of angina pectoris was independent of 
socioeconomic group, smoking habits, systolic blood pressure, indices of obesity, serum triglyc- 
erides, and serum cholesterol. Similarly, low physical activity during leisure hours seemed to be 
an independent risk factor for stroke, and low physical activity at work was an independent risk 
factor for overall mortality. 


Socioeconomic factors and lifestyle, with the excep- 
tion of smoking habits, have not attracted the same 
degree of interest as traditionally accepted risk fac- 
tors, such as arterial hypertension and hyper- 
lipidaemia, in studies of risk factors for ischaemic 
heart disease. Education, ? marital status,” ? num- 
ber of children,?*5 socioeconomic status,°>® and 
degree.of physical activity*” have been reported to 
be related to cardiovascular disease in women. Some 
of the observations mentioned were made in a case 
control study carried out by our group.* We consid- 
ered it important to re-evaluate our cross sectional 
results in a prospective study. 
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Study population 


A population study of 1462 women aged 38, 46, 50, 
54, and 60 was carried out in Gothenburg, Sweden, 
in 1968-69." The systematic sampling method, 
based on date of birth, and a high participation rate 
(90-1%), ensured that the participants were a repre- 
sentative cross section of women from the commu- 
nity studied. Table 1 shows the number of par- 
ticipants in the initial examination. 

The population sample was followed up im 
1974-75 and in 1980-81. Of those participating in 
1968-69, 1154 (78-9%) took part in the 1980-81 fol- 
low up. Most of the non-participants in these follow 
up studies were interviewed by telephone or letter 
about their history of angina pectoris, myocardial 
infarction, or stroke. Hence information was 
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Table 1 Participants and partscipation rates m the 
population study of women m Gothenburg 1968-69 


Age (yr) Participants (No) Partiapation rate (%) 
38 372 914 
46 431 900 
50 398 913 
54 180 88-7 
60 81 835 
Total 1462 901 





obtained from a total of 1351 women (97:-4% of 
those participating in 1968-69 and still alive in 
1980-81). Further details of the studies in 1968-69, 
1974-75, and 1980-81 have been presented else- 
where.®~ 19 


Methods 


COLLECTION OF SOCIAL DATA 

Information on place of birth of the women par- 
tictpating in the population study was obtained from 
the Revenue Office Register.* Information about 
education, marital status, number of children, and 
socioeconomic status was obtained by a question- 
naire.* The subjects were divided into five socio- 
economic groups according to Carlsson.!' Group 1 
according to this classification is group I in the 
present paper (large-scale employers and officials of 
high or intermediate rank), groups 2 and 3 are group 
II (small-scale employers, officials of lower rank, 
foremen), and groups’4 and 5 are group ITI (skilled 
and unskilled workers). Housewives were classed as 
a separate group. 


INTERVIEW ABOUT PHYSICAL ACTIVITY 
The subjects were interviewed about their physical 
activity at work and during leisure hours. On the 
basis of the level of physical activity we assigned 
women to groups I-IV, using a classification which 
had previously been used for men in Gothenburg!” 
and modified for women.* For example, women 
with light office work and no domestic work were 
assigned to group I for physical activity at work; 
women with shop work, light industrial work, or 
domestic work including the care of one child to 
group II; women with hospital work or domestic 
work including the care of two or three children to 
group III; and those with heavy work together with 
domestic work, or just domestic work including the 
care of four or more children to group IV. As 
regards activity during leisure hours, examples of 
group I activities are reading or looking at television, 
group II walking or cycling for half an hour a day, 
group III regular exercise such as running, tennis, 
or swimming, and group IV heavy exercise or com- 
petitive sports. 
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CLINICAL EXAMINATION 

In the initial study of 1968-69, blood samples were 
taken after an overnight fast.* Body weight was mea- 
sured to the nearest 0-1 kg with a balance scale. Body 
height without shoes was measured to the nearest 
0-5 cm. Body mass index was calculated as 
weight/height? (kg/m). Waist and hip circum- 
ferences were measured and the waist : hip circum- 
ference ratio was calculated.!> Blood pressure was 
measured with a mercury manometer in the seated 
position after about 5 minutes’ rest. Information 
about smoking habits was obtained by means of a 
standardised interview.* 


END POINTS DURING THE FOLLOW UP 
PERIOD 

Myocardial infarction—Each participant was 
asked whether she had any history of chest pain, as 
were most of the non-participants in the follow up 
studies. Records of all women who were admitted to 
hospital because of chest pain were studied, and 
acute myocardial infarction was defined as the pres- 
ence of at least two of the following symptoms: (a) 
central chest pain, (6) transient rise of transaminase 
activities, and (c) typical electrocardiographic 
changes of recent onset. These criteria have been 
described in detail elsewhere.'+ Fatal myocardial 
infarction was determined from the diagnosis on the 
death certificate. “Silent” myocardial infarction was 
defined as electrocardiographic changes interpreted 
as Minnesota code 1-115 16 without a history of myo- 
cardial infarction. In our analysis, we used the com- 
bined incidences of fatal and non-fatal myocardial 
infarction. The incidence of “silent”? myocardial 
infarction was added only when indicated in the text. 

Angina pectoris—During an interview, patients 
were asked whether they had a history of chest pain. 
A diagnosis of angina pectoris was accepted when 
the criteria proposed by Rose were fulfilled. 17 

Electrocardiographic changes indicating ischaemic 
heart disease.—Electrocardiography was performed 
on all participants during rest in 1968-69 and in 
1980-81. Minnesota codes!> 16 1-1-2, 4-1, 5-1-2 (in 
the absence of 3-1), 6-1, or 7-1 were taken to indicate 
ischaemic heart disease. 

Stroke was defined as described by Harmsen and 
Tibblin.’® If non-fatal, a hospital diagnosis was 
required. Stroke was also recorded for subjects who 
at necropsy showed signs consistent with a recent 
cerebrovascular accident and for subjects in whom 
stroke was recorded as the main cause of death on 
their death certificates. 

Death,—At the end of 12 years we were able to 

_ establish the vital status of 1458 (99-7%) of the ini- 
tial participants. Death certificates were obtained for 
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all participants who died. Necropsies were per- 
formed in five patients dying of myocardial 
infarction and in 27 (40%) of 67 women in whom 
myocardial infarction had not been recorded on the 
death certificate. Patients with findings positive for 
myocardial infarction at the initial examination were 
excluded when the risk of myocardial infarction as 
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an end point was assessed. Similarly, patients with 
findings positive for other end points at the initial 
examination were excluded in the final calculation 
for the corresponding end points. 


STATISTICAL METHODS 
We used an extension of the y? procedure according 


Table 2 Observed and expected frequencies of end points in women born im the County of Gothenburg, women who had been 
huing in Gothenburg for > 25 years, women born outside Scandinavia, and women who had grown up in a big city. 95% 
confidence interval for the age adjusted relative risk compared with other women is given in parentheses 





End points Observed Expected Relative risk 
Born in Gothenburg or uts environs (n= 763) 

Myocardial infarction 5 128 15 (0-6-3 5) 

Angina pecto: 30 253 1 0 (06-17) 

Electrocardiographic changes 39 39 6 10(0 6-1 6) 

Stroke 8 72 130441 

Death 44 8 12(0 7-2 0) 

Lromg in Gothenburg for > 25 years (n= 854) 

Myocardial infarcnon 18 158 18 (0 6-5-3) 
36 343 12(0 6-2-1) 

Electrocerdiographic changes 43 440 09 (0 6-1-6) 

S 12 91 5-2 (9-29 8) 

Death 56 51-0 1-5 (0 9-2 6) 

Born outside Scandinavia (n= 44) 

Myocardial infarction 0 0 — 

Angina pectoris 3 17 20(0-6-6°8 

Electrocardiographic changes 3 23 14(044 

Stroke 0 03 == 

Death 0 1-6 — 

Grown up m a bg city (n=689) 

Myocardial mfarction ll 11-4 09 (0 4-2 2) 

Angina pectoris 28 26 6 11(06-19) 

Electrocardiographic changes 31 34:1 0 8 (0 5-1-3) 

Stroke 9 64 2 4 (0 7-8-2) 

Death 42 362 1-4 (0 9-2-3) 





Table3 Observed and expected frequencies of end pomts in women who had low educational level (elementary school only), 
women who were divorced, women who were widowed, and women who had four children or more at the beginning of the follow 
up perwd. 95%, confidence interval for the age adjusted relative risk compared with other women ts grven in parentheses 


End ports Observed Expected Relative risk 
Elementary school only (n= 1013) 

Myocardial mfarction 20 167 2 6 (0 8-8:7) 

Angina pectoris 48* 39 3 2-6 (1-3-5 5) 

Blecrocardiogtaphic changes 52 506 11 o 6-1 9) 

Stroke I1 95 2 0 (0-5-9:0) 

Death 55 53:3 11(0 6-19) 

Drworced (n= uo 

Myocardial infarction 0 — 

Angina pectoris 5 A i 13t (0 3-3 3) 

Electrocardiographic changes 4 57 0 6f (0 2-1 8) 

Stroke 1 10 1 6t (0 2-12 2) 

Death 9 60 1-7t (08-3 6) 

Widowed (n=62) 
Myocardial infarction 3 16 18t o 6-5-5) 
3 26 1 2ł (0:4-3 9) 

Electrocardiographic changes 2 32 0 6t (0 1-2 4) 

Stroke 2 0-9 3 Ot (0 6-13 5) 

Death 5 51 1 1t (0 4-2 8) 

Four children or more (E 142) 

Myocardial infarction 4 22 21(0 7-6 2) 
gina pectoris 8 5-1 17008-36) 

Electrocardiographic changes 6 69 08(04-2 0) 

Stroke 2 12 18 (0 4-7-9) 

Death 7 73 10(0 4-2-1) 





*p<0 01 compared with other women m the population sample. 
tCompared with married women, 
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to Mantel-Haenszel with one degree of freedom for 
analysis of frequencies in morbidity and mortality. !° 
This minimises the effect of age as a confounding 
factor. Relative nsk (risk ratio) and confidence limits 
of relative msk were calculated according to the 
Mantel-Haenszel estimation.!??? Associations 
between graded or continuous variables were tested 
by means of Pitman’s non-parametric permutation 
test.?! When adjusting for confounding variables, 
we used an extension of Mantel-Haenszel’s pro- 
cedure for permutation testing.!? Two-tailed tests 
were used and p values <0 05 were considered to be 
significant. 


Results 


INCIDENCE OF MYOCARDIAL 

INFARCTION, ANGINA PECTORIS, 
ELECTROCARDIOGRAPHIC CHANGES 
INDICATING ISCHAEMIC HEART DISEASE, 
STROKE, AND MORTALITY 

Of all women initially free from signs of myocardial 
infarction from whom we obtained valid follow up 
data (n = 1424), 23 (16%) developed myocardial 
infarction during the follow up period (8 fatal myo- 
cardial infarction and 15 non-fatal myocardial 
infarction). Another five women developed “‘silent” 
myocardial infarction during follow up. New symp- 
toms of angina pectoris were recorded in 56 (40%) 
of 1416 women, new electrocardiographic changes 
indicating ischaemic heart disease in 73 (6:0%) of 
1218 women, and new signs of stroke in 13 (0-9%) of 
1426 women. Altogether 75 women (5:1%) died 
during the follow up period. 
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INITIAL SOCIOECONOMIC FACTORS IN 
RELATION TO END POINTS 

Myocardial infarction.—Age specific 12 year inci- 
dence of myocardial infarction was significantly 
higher in the group of women who were initially 
assigned to socioeconomic group III according to 
their husbands’ occupations than in other women 
(p<0:01). There were no significant differences 
with respect to myocardial infarction when women 
who were born in Gothenburg or its environs, who 
had been living in Gothenburg for > 25 years, who 
were born outside Scandinavia, who had grown up 
in a big city, who had a low educational level, who 
were divorced or widowed, who had four children or 
more, who were housewives or who were assigned to 
socioeconomic group III according to their own 
occupations were compared with other women 
(Tables 2, 3, and 4). Similar results were obtained 
when women with “silent” myocardial infarction 
were included. 

Angina pectoris—Women with a low educational 
level had a significantly increased age specific inci- 
dence of angina pectoris compared with other 
women (p<0-01), but no other significant 
differences were seen when we studied the same 
socioeconomic factors as we did for myocardial 
infarcnon (Tables 2, 3, and 4). 

Electrocardiographic changes indicating ischaemic 
heart disease-—No significant differences were 
observed (Tables 2, 3, and 4). 

Stroke.—No significant differences were observed 
(Tables 2, 3, and 4). 

Mortality.—No significant differences were found 
for variables included in Tables 2, 3, and 4. 


Table 4 Observed and expected frequenctes of end points in women classified as housewives, women assigned to socioeconomic 
group III according to their occupation, and women whose husbands were assigned to socioeconomic group IIT, 95% confidence 
interval for the age adjusted relative risk compared with other women 1s given im parentheses 





End points Observed Expectad Relatrve risk 
Housewrves (n= 498) 
Myocardial infarction 6 8-3 0-B (0 3-2:3) 
Angina pectoris 19 20 4 0 9 (0-5-1-6) 
Electrocardiographic changes 24 257 09(06-15) 
Stroke 2 49 05 (0 1-2 5) 
Death 5 17 ay Hi 7 26 3 if in=t00 07(0 4-1 3) 
oclosconomic group accor: to the workan’s occupanion (n= 
esheets infarction 7 bd 60 í 1-7 (0-5-5-6) 
Angina pectoris 15 15-4 09 (0 5-1-8) 
Electrocardiographic changes 19 202 0 8 (0 5-1 5) 
Stroke 5 36 5-4 (0 8-38 4) 
Death ‘ 21 II according to the Aes 3 1-3 (0 7-2 4) 
octosconormec group to band’s occupation {n =487) 
Myocardial mfarction 14* 79 46 (1 7-128) 
Angina pectoris 18 165 12(0 6-2 2) 
Electrocardiographic changes 26 247 1:3 (0 7-22) 
Stroke 3 27 09 2-4 0) 
Death 22 23 6 08(0 5-1-5) 


*p<0 01 compared with other women in the population sample 
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Table5 P values for age specific correlations between the end point and educational level, number of children, socioeconomic 
group according to the woman’s occupation and according to the husband’s occupation, and physical acttoity at work and 








during letsure hours 
Attributes MI AP Electrocardiographic changes Stroke Mortality 
Educational level NS <0 01* NS NS NS 
Number of children NS NS NS NS NS 
Soctoeconomic group according to 

the woman’s occupation NS NS NS NS NS 
Socioeconomic group according to 

the husband’s occupation <0-05t NS NS NS NS 
Physical activity at work 

For ages 20-38 NS NS NS NS NS 

After age 38 NS NS NS NS NS 

In past year NS NS NS <0 05* <0 05* 
Physical acuvity during leisure hours 

For ages 20-38 NS NS NS NS NS 

After age 38 NS NS NS NS NS 

In past year NS NS NS <001* <0 05* 
*Negative correlation. 


tLow socioeconomic group correlated with myocardial infarction (MI). 


AP, angina pectoris 


MULTIVARIATE ANALYSIS 

Table 5 shows the p values for the non-parametric 
correlations between educational level, number of 
children, socioeconomic group according to the 
women’s own occupations and according to their 
husbands’ occupations on the one hand and the end 
points myocardial infarction, angina pectoris, elec- 
trocardiographic changes indicating ischaemic heart 
disease, stroke, and mortality on the other, when age 
is taken into account as a background variable. Edu- 
cational level was inversely correlated with angina 
pectoris (p<0-01). In extended multivariate anal- 
yses the relation was independent of socioeconomic 
group and also independent of traditional risk fac- 
tors for cardiovascular disease such as smoking hab- 
its, systolic blood pressure, indices of obesity, serum 
triglycerides, and serum cholesterol. When serum 
triglyceride concentration and waist : hip circum- 
ference ratio were included as potential confounding 
variables, the significance level changed from 
p<0-01 to p<0-05. The correlation between low 
socioeconomic group according to the husband’s 
occupation and myocardial infarction was statisti- 
cally significant (p < 0-05), but when the same back- 
ground variables were included the correlation dis- 
appeared when serum triglyceride concentration, 
waist : hip circumference ratio, and body mass index 
were taken into account as background variables in 
multivariate analyses. No other significant cor- 
relations were observed (Table 5). 


INITIAL PHYSICAL ACTIVITY IN RELATION 
TO END POINTS 

Myocardial infarction—There was a significant 
age specific difference in the 12 year incidence of 
myocardial infarction in the group of women who 


had initially reported a low level of physical activity 
during leisure hours (group I) during the last year 
compared with other women (p<0-05). No 
significant differences were observed when women 
who reported a low level of physical activity at work 
(group I) during the last year were compared with 
other women (Table 6). Similar results were 
obtained when women with “silent” myocardial 
infarction were included. 


Angina pectoris, electrocardwgraphic changes ndi- 
cating ischaemic heart disease, and stroke.—Increased 
age specific incidences of electrocardiographic 
changes indicating ischaemic heart disease (p <0 01) 
and of stroke (p <0:001) were seen in women who at 
the beginning of the follow up period reported a low 
level of physical activity during leisure hours (group 
I) in the past year. The incidence of stroke was also 
increased in the group of women who reported low 
physical activity at work (group I) in the past year 
(p<0-001). There were no significant differences in 
the incidence of angina pectoris. Table 6 shows the 
results of the statistical analyses. 

Mortahty.— Women who initally reported low 
physical activity at work (group I) in the past year 
had an increased age specific mortality compared 
with other women (p < 0-001). Women who reported 
low physical activity during leisure hours (group 1) 
in the past year also had an increased mortality when 
compared with other women (p < 0-05) (Table 6) 


MULTIVARIATE ANALYSIS 

Table 5 shows the p values for the non-parametric 
correlations between initial physical activity at work 
and during leisure hours during the three life 
periods studied and the end points of myocardial 
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Table 6 Observed and expected frequencies of end points in women imtially assigned to actrutty group I for physical actruity 
at work and durtng leisure hours m the past year. 95% confidence mterval for the age adjusted relative risk compared with 


other women ts grven in parentheses 





End points Observed Expected Relative risk 
Physical actrvity at work group I (= 66) 
reel infcon 7 e noen 
Angina pectoris 2 } oon 
Electrocardiographic changes 1 30 0 3 (2:7-23 0) 
Stroke qtee 08 7-8 (2°7~23:0) 
Death 15*** 48 5 2(2 8-97) 
Physical activity during leisure hours group I n= 264) 

Myocardial mfarcnon 9* 46 2-8 (1 2-6 5) 
Angina pectoris 10 10-1 1 0 (0:5~1-9) 
Blectrocardiographic changes 224k 135 20 (1:2-33) 
Stroke k alalel 2-6 10 1 (3-827 1) 
Death 23* 152 1-9 (1 1~3+2) 


*p<0 05, **p <0 01, ***p<0 001 compared with other women in the population sample 


infarction, angina pectoris, electrocardiographic 
changes indicating ischaemic heart disease, stroke, 
and mortality when age is taken into account as a 
background variable. Physical activity at work as 
weil as physical activity during leisure hours during 
the past year and the incidence of stroke were nega- 
tively correlated (p <0-05 and p<0-01 respectively). 
When socioeconomic group, educational level, 
smoking habits, systolic blood pressure, indices of 
obesity, serum triglyceride concentration, and 
serum cholesterol concentration were included as 
potential confounding factors, physical inactivity 
during leisure hours during the last year was found 
to be independently correlated with stroke. The cor- 
relation between physical inactivity at work during 
the last year and the 12 year incidence of stroke was 
independent of all these background variables 
except for one of the indices of obesity (waist : hip 
circumference ratio). There was also a significant 
negative correlation between physical activity at 
work and physical activity during leisure hours dur- 
ing the past year and the 12 year mortality (p <0 05). 
Multivanate analyses of the total mortality showed 
that low physical activity at work during the last year 
was an independent risk factor when all the potential 
confounding variables mentioned above were taken 
into account, but the inverse correlation between 
initial physical activity during leisure hours during 
the last year and total mortality disappeared when 
the waist : hip circumference ratio was included in 
the multivariate analyses. No other significant cor- 
relations were seen. 


Discussion 


The information from previous prospective studies 
on socioeconomic factors and physical activity as 
risk factors for cardiovascular disease in women is 
limited, In a previous clinical study we compared all 


women who had myocardial infarction in the com- 
munity during a three year period with women in 
our populetion sample of women who had been 
examined during the same period.* No significant 
differences in place of birth, educational level, mari- 
tal status, or socioeconomic status were found 
between women with myocardial infarction and 
women in the general population. Physical inac- 
tivity, both at work and during leisure hours, was 
found to have been significantly more common dur- 
ing different periods of life in women who later had 
an acute myocardial infarction than in other women 
in the general population. 

In the present prospective study, we found an 
amdependent correlation between low educational 
level and incidence of angina pectoris. As far as we 
know, such a correlation has not previously been 
reported. In two retrospective studies Szklo et al and 
Talbott et al found that women who had myocardial 
infarction or who had died suddenly showed more 
educational incongruity with their spouses than did 
those in a control population.’ ? 

Talbott et al found that women who died sud- 
denly were less often married.? We did not find a 
significantly increased risk of cardiovascular disease 
or death among widows or any other civil status 
group either in our previous cross sectional study* 
or in this prospective study. In a prospective study 
of 2828 women Helsing and Szklo also found no 
increase in mortality risk for widows compared with 
married women.?? 

In our previous cross sectional study, we found 
that women with four or more children were over- 
represented in the myocardial infarction group; sim- 
ilar results were reported from the Framingham 
study,* in which women working outside the home 
with three children or more had an increased risk of 
ischaemic heart disease. In a retrospective study, 
however, Talbott et al found that women who died 
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suddenly had fewer children that those in the control 
population.” In our prospective study, we could not 
verify the increased risk found in our cross sectional 
study, but in our prospective study the risk ratio was 
doubled in women with four or more children. 

In our prospective study socioeconomic status 
correlated with myocardial infarction only when 
classified according to the husband’s occupation. 
The correlation with myocardial infarction disap- 
peared when serum triglyceride concentration and 
indices of obesity were included as potential con- 
founding variables in the multivariate analysis. 
Heller et al also studied the risk of ischaemic heart 
disease in women in relation to the occupation of 
their men and found that “women married to pro- 
fessional men are at a lower risk compared with 
other women.”® 

Physical inactivity was related to cardiovascular 
disease and death in the Framingham study’ The 
investigators found an inverse correlation between 
physical activity and mortality due to cardiovascular 
disease but the statistical significance was lost when- 
adjustment was made for age, probably because “‘the 
more sedentary women are older than the active 
ones.” There was no significant correlation between 
physical activity and overall mortality in that study. 
We found an increased incidence of stroke and death 
in women who initially reported low physical activ- 
ity at work and during leisure hours during the last 


year and, in addition, an increased incidence of myo— 


cardial infarction and electrocardiographic changes 
indicating ischaemic heart disease in women who 
reported low physical activity during leisure hours 
during the past year, even when age was considered 
as a background variable. When several potential 
confounding variables were included, physical inac- 
tivity at work was still a risk factor for mortality 
from all causes, and physical inactivity during lei- 
sure hours was an independent risk factor for stroke. 
These findings from our prospective study accord 
with those from our previous cross sectional study.* 
Low physical activity may be a causative. factor. 
Another possibility might be that persons already 
disabled with latent ischaemic heart disease have a 
lower level of physical activity as well as an increased 
morbidity and mortality. 

The causes of cardiovascular disease are still not 

explained. Traditionally accepted risk factors such 
as raised blood pressure, raised serum lipids, smok- 
ing habits, indices of obesity, and diabetes seem to 
explain only part of cardiovascular disease. Socio- 
economic factors also seem to feature in the patho- 
genesis of cardiovascular disease. 
The analyses and presentation of data were sup- 
ported by grants from the Swedish Medical 
Research Council and the Faculty of Medicine of 
Gothenburg University. 
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Case reports 





Dissecting aneurysm of the thoracic aorta presenting 


as right atrial obstruction 


PM SCHOFIELD, CL BRAY, N BROOKS 


From the Regional Cardiac Centre, Wythenshawe Hospital, Wythenshawe, Manchester 


SUMMARY A patient with a dissecting thoracic aortic aneurysm presented with acute low output 
cardiac failure due to right atrial obstruction. Five years earlier she had had her aortic valve 
replaced because of aortic regurgitation. Obstruction of the superior vena cava and pulmonary 
artery has been reported elsewhere as a complication of compression by thoracic aortic dissecting 
aneurysm. This case was unusual in presenting as right atrial obstruction. 


Chronic non-dissecting thoracic aortic aneurysms 
may be complicated by rupture into or compression 
of adjacent vascular structures. Recorded vascular 
complications include aortocardiac fistula formation 
and fistula formation with or without compression of 
the superior vena cava and pulmonary artery.! Such 
complications with dissecting thoracic aneurysms, 
however, have been infrequent; this may be partly 
because most dissecting aneurysms are acute 
lesions.? We describe a case of dissecting thoracic 
aortic aneurysm that presented as compression of 
the right atrium. 


Case report 


A 50 year old woman first presented in July 1979 
with exertional dyspnoea. She had been treated for 
hypertension for the past 20 years. Examination 
showed signs of aortic mcompetence, and her 
blood pressure was 200/75mm Hg. Investigations 
confirmed severe aortic incompetence; there was no 
aortic valve pressure gradient, no evidence of mitral 
valve disease, and coronary angiography was nor- 
mal. She underwent aortic valve replacement with a 
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size 27 Bjork-Shiley prosthesis. A standard cardio- 
pulmonary bypass procedure was used with cross 
clamping of the aorta. The native valve had three 
cusps and histology showed dense collagenous 
fibrosis. Recovery after operation was uneventful. 

During follow up she remained well, although 
antihypertensive medication had to be increased. 
Four years after valve replacement her chest radio- 
graph, which had been sansfactory after operation, 
showed that the ascending aorta was dilated, She re- 
mained symptom free, the prosthetic valve sounds 
were satisfactory, and no cardiac murmurs were 
present. 

In April 1985 she was admitted to hospital be- 
cause for four days she had been breathless, weak, 
and tired but she did not have chest pain. She was 
pale, cold, and clammy with a respiratory rate of 50 
per minute. Her pulse was 120 beats per minute and 
regular, systolic blood pressure was 50 mm Hg, and 
the jugular venous pressure was discernible 8cm 
above the sternal angle. The prosthetic valve sounds 
were normal and there were no cardiac murmurs. 
The chest radiograph again showed a widened medi- 
astinum and the lung fields were clear. Acute pul- 
monary embolism was suspected and the patient was 
transferred for further investigation. 

On arrival at this hospital she had a profound met- 
abolic acidosis (arterial pH 7-06). Echocardiography 
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fa Injection via catheter in superior vend cava 


Fig. 1 


small arrow 


with contrast in the right atrium (large arrot nd 


azygous vein (AV), There ts a huge filling defect in the right atrium, An aortogram (b) shows a dilated ascending aorta ar 
the entry point into the false lumen (arrow) whose limit is indicated (dotted line). 


was technically difficult and unhelpful. During right 
heart catheterisation it was difficult to manoeuvre 
the catheter in the right atrium, Injection of contrast 
into the superior vena cava showed a huge filling 
defect in the right atrium. Contrast flowed to the 
inferior vena cava via the azygous system and thence 
to the right atrium and right ventricle (Fig. la). 
Simultaneous recording of pressure in the superior 
vena cava and right ventricle showed a mean end 
diastolic pressure gradient of 10 mm Hg (Fig. 2). 





Fig. 2 
SVC 
end diastolic gradient. ECG, electrocardiogram. 


Simultaneous recording of superior vena cava 
and right ventricular (RV) pressures showing an 


Pulmonary arterial oxygen saturation was 59 
right atrial saturation was 57°,,, and aortic saturation 
was 93%. An aortogram showed gross dilatation of 
the ascending aorta. There was a dissection with the 
entry point 3—4 cm above the aortic valve. The false 
lumen was compressing the right atrium (Fig. 1b 
Operation offered this patient the only possible 
chance of survival, and her clinical condition was 
poor. 

AL operation a massive ascending aortic aneurysn 
was found. The aneurysm was incised and the false 
lumen was entered. The old and new thrombus tł 
it contained was removed. There was a tear in th 
right side of the ascending aorta 4 cm above and par 
allel to the previous valve suture line. The aneurysn 
had eroded the superior and medial walls of the right 
atrium; these were repaired and the ascending aorta 
was replaced by a woven Dacron graft. The patient 
required inotropic agents after operation and an 
intra-aortic balloon was subsequently inserted, She 
deteriorated progressively and died two days after 
operation, 


Discussion 


The vascular complications of chronic non 
dissecting thoracic aortic aneurysms include ob 
struction of the superior vena cava and pulmonary 
artery together with fistula formation with these 
structures and also aortocardiac fistulas. Reports of 
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fistulous communications or compression of adja- 
cent vascular structures by dissecting aneurysms, 
however, have been infrequent. One case of aorto- 
left atrial fistula* and four cases of aorto-right atrial 
fistula formation*~’ associated with aortic dis- 
section have been reported. Dissections may ob- 
struct the superior vena cava and pulmonary artery 
as a result of extension of an intrapericardial hae- 
matoma; direct aneurysmal compression of these 
structures has also been described.” '° Morris and 
Barwinsky have suggested that when such vascular 
complications do occur they are the result of chronic 
rather than acute dissection.'' We found no pub- 
lished reports of right atrial obstruction occurring as 
a complication of compression by a dissecting 
aneurysm of the thoracic aorta. 

In this patient the cause of the aortic dissection 
and the sequence of events after aortic valve replace- 
ment remain uncertain. It seems likely that chronic 
aortic disease associated with longstanding hyper- 
tension resulted in progressive aortic dilatation, as 
confirmed on serial chest radiographs, and that this 
was eventually complicated by acute aortic dis- 
section. Both aortic cannulation and cross clamping 
during cardiopulmonary bypass, however, may oc- 
casionally produce acute aortic dissection. t? +3 It is 
therefore possible that aortic dissection, which was 
not initially apparent radiologically, occurred after 
operation. A slow progressive enlargement of the 
false lumen could then explain the subsequent clini- 
cal and radiological course in this patient. 
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Left atrial rhabdomyosarcoma and the use of digital 
gated computed tomography in its diagnosis 


C M JACK, J CLELAND, J S GEDDES 


From the Regional Medical Cardiology Centre, and Cardiac Surgical Unit, Royal Victoria Hospital, 


Belfast 


SUMMARY A case of left atrial rhabdomyosarcoma presenting in a patient with known mitra! 
stenosis is described. Computed tomography of the left atrium, gated to the electrocardiograrn 
cycle, was used to visualise the site and extension of the tumour. 


With the exception of myxomata primary intra- 
cardiac tumours are rare. The presence or later ap- 
pearance of an intracardiac tumour may be 
overlooked in a patient with rheumatic mitral valve 
disease. 

We report a case of rhabdomyosarcoma of the left 
atrium in a patient with coincident mitral valve dis- 
ease. We believe that this is the first such atrial 
tumour to be diagnosed with the help of gated com- 
puted tomographic scanning techniques. 


Case report 


A 56 year old woman presented to hospital in 1977 
complaining of dyspnoea of seven days’ duration. 
She had previously been well and in particular there 
was no history of rheumatic fever, ischaemic heart 
disease, or pulmonary disease. There was no ante- 
cedent chest pain. On examination she was found to 
be in left heart failure with rapid atrial fibrillation. 
An apical systolic murmur was heard. She responded 
to treatment with digoxin and a diuretic. During 
convalescence an M mode echocardiogram showed 
evidence of mild mitral stenosis. Direct current con- 
version was performed and she was discharged with 
a diagnosis of mild mitral valve disease and decom- 
pensation precipitated by the onset of atrial 
fibrillation. She was kept under regular review and in 
1978 she was found to be in atrial fibrillation again. 

In 1979 a second echocardiogram was performed 
and again showed evidence of mild mitral stenosis. 
In September 1983 the patient complained of in- 
creasing dyspnoea and vague upper chest discom- 
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fort. A chest radiograph showed elevation of the 
right hemidiaphragm, with possible overlying pul- 
monary collapse and consolidation, and a right pleu- 
ral effusion. There was also increased opacity in the 
lower part of the right hilum. She was admitted to 
hospital for investigation. 

She was noted to be anaemic (haemoglobin 
9-6 g/dl). The cardiac rhythm was atrial fibrillation, 
and blood pressure was 130/80 mm Hg. The venous 
pressure was not raised. The only remarkable 
findings on auscultation were an opening snap and an 
apical systolic murmur of moderate intensity. Phys- 
ical signs in the chest were in keeping with the radio- 
logical findings. The liver was not enlarged. The 
erythrocyte sedimentation rate was consistently 
higher than 100mm in one hour. Plasma protein 
electrophoresis and serum immunoglobulins were 
normal, as was plasma biochemistry. An electro- 
cardiogram showed controlled atrial fibrillation with 
a QRS axis of 90°. Tomography demonstrated that 
the shadowing at the right hilum was the result of left 
atrial enlargement. At this stage an echocardiogram 
showed a large mass occupying the left atrium which 
appeared to be fixed posteriorly and was not attached 
to the interatrial septum (Fig. 1). 

A digital computed tomographic scan of the 
thorax, gated to the R wave of the electrocardiogram, 
was performed at the level of the left atrium. The 
scan confirmed the presence of the filling defect, and 
showed a rim of contrast material separating the 
lesion from the interatrial septum (Fig. 2). Bilateral 
pleural effusions were seen on other views. 

Subsequent right heart catheterisation demon- 
strated a pulmonary artery pressure of 74/30 mm Hg 
and a mean pulmonary capillary wedge pressure of 
42mm Hg on the right and 28mm Hg on the left. 
Pulmonary angiography showed normal pulmonary 
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Preoperative cross 


showing tumour i T 


Fig. 1 
axis parasternal view 


atrium (LA). LV, left 





ventricle 


arteries. Only the left pulmonary veins could be 
identified. The filling defect was seen to occupy most 
of the left atrial cavity. The mitral valve cusps were 
thickened. The appearance of the left ventricle and 
aorta was unremarkable. 

At operation in November 1983 the right atrium 
and ventricle, and the left atrium were enlarged. Left 
atriotomy showed a friable, necrotic tumour with 
areas of fibrosis that almost completely filled the 
atrium. The tumour was removed without difficulty 
from the region surrounding the orifice of the left 





Preoperative digital gated computed tomogram of 
Tumour (T) is 
seen filling the left atrium (LA). The horn-shaped left 
atrial appendage ts free of tumour. RA, right atrium; AA, 
ascending aorta; PA, pulmonary artery; DA, descending 
agria 


Fig. 2 
the thorax at the level of the left atrium 
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pulmonary veins but it was densely adherent to the 
orifice of the right inferior pulmonary vein, from 
which it appeared to arise. There was no septal or 
valvar involvement. 

After removal of the tumour, the mitral valve was 
found to be stenosed, with 5 mm fusion of each com- 
missure. Complete splitting of the commissures was 
obtained. 

Postoperative convalescence was uneventful. 
Sinus rhythm was restored by direct current con- 
version. Histological examination of the tumour 
showed clusters of cells with strongly eosinophilic 
cytoplasm and striation. Mitotic activity was con- 
spicuous. These appearances are typical of rhab- 
domyosarcoma. A postoperative echocardiogram 
showed no evidence of residual tumour. She was 
given a course of radiotherapy and remains symptom 


free. 
Discussion 


Primary cardiac sarcomas are very rare tumours. An- 
giosarcomas are the most common form and rhab- 
domyosarcomas the second most common form.! ? 
Rhabdomyosarcomas have been reported in patients 
ranging in age from 3 months to 80 years but, like 
other primary sarcomas, they usually occur in 
adults.’ A slight male preponderance has been re- 
ported.’ In a recent review of published reports, 
Schwartz et al found that 26 out of 40 reported cases 
of primary cardiac rhabdomyosarcoma occurred in 
males.* Unlike angiosarcomas, rhabdomyosarcomas 
do not appear to have a predilection for any particu- 
lar cardiac chamber, and they occur with equal fre- 
quency on the right and left sides of the heart. In 
approximately 60°,, of cases coming to necropsy the 
tumour affects multiple cardiac sites.* 

Cardiac tumours often remain undetected during 
life and the diagnosis is made at necropsy. Echo- 
cardiography greatly increased the potential for 
prompt and correct diagnosis.* Though echo- 
cardiography demonstrated the presence of a fixed 
left atrial mass in this patient, we obtained much 
higher resolution with the computed tomographic 
scan. When computed tomographic scans of pul- 
sating organs such as the heart or aorta are taken 
conventionally the images are blurred and indistinct. 
Multiple tomographic scans all taken at one particu- 
lar phase of the electrocardiogram cycle, and selected 
by computer can be reconstructed into a full com- 
puted tomographic image of the transverse section of 
the thorax at that phase of the electrocardiogram 
cycle. The resulting scans are much more distinct 
and details of intracavitary and intramural abnor- 
malities of the heart can be seen. In our patient the 
computed tomographic scan was gated to the R 
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wave. The gated scan distinctly showed the tumour 
and the rim of contrast separating it from the inter- 
atrial septum. Since this non-invasive technique is 
safer than cardiac catheterisation, in which there is a 
risk of embolism by tumour fragments, we recom- 
mend its use when the echocardiogram is suggestive 
of tumour and more precise definition is required. 

The need to maintain a high level of suspicion for 
unusual abnormalities is well illustrated by this case 
in which symptomatic deterioration was at first con- 
sidered to have resulted from mitral valve disease. 

The demonstration of a right ventricular rhab- 
domyosarcoma by means of computed tomographic 
scanning has previously been reported. We believe, 
however, that this is the first report of a left atrial 
sarcoma defined by this method. 


We thank Mr L Hamilton and Dr E Mclilrath for 
their help and advice. 
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QT prolongation after ampicillin anaphylaxis 


DAVENDRA MEHTA, GRAHAM L WARWICK, MONTAGUE J GOLDBERG 


From the Regional Cardiothoracic Unit, Groby Road Hospital, Leicester 


SUMMARY Tall T waves and pronounced prolongation of the QT interval developed 24 hours 
after an apparently complete recovery from an acute anaphylactic reaction to oral ampicillin in a 
previously healthy woman of 29. These electrocardiographic abnormalities gradually subsided 
over five days. The prolongation of the QT interval has not previously been reported after 


anaphylaxis. 


Acute anaphylactic reactions are sudden, 
frightening, and potentially lethal responses to vari- 
ous allergens. Very often they are provoked by 
drugs, most commonly penicillin or agents used for 
radiological investigations. Electrocardiographic 
changes occurring in association with anaphylaxis 
have been reported by several observers. These took 
the form of ST segment depression or elevation, T 
wave changes, arrhythmias, or conduction dis- 
turbances. The fact that such changes occur is not 
generally appreciated, and there are only a few pub- 
lished reports. We describe a case of severe anaphy- 
laxis after oral ampicillin in which there were tall T 
waves and pronounced prolongation of QT 
interval—electrocardiographic findings that have 
not previously been reported in association with ana- 
phylaxis. 


Case report 


A 29 year old previously healthy senior house officer 
collapsed 30 minutes after taking a first dose of 250 
mg of oral ampicillin for an upper respiratory tract 
infection. She was pale and clammy with an un- 
recordable blood pressure and had a bowel evacu- 
ation during the episode. She quickly recovered after 
immediate resuscitative measures, including intra- 
venous hydrocortisone 200 mg and adrenaline | ml 
1:1000, and oxygen inhalation. Fifteen minutes later 
she again became hypotensive (systolic blood pres- 
sure 40 mmHg) and drowsy but she responded to 
hydrocortisone and adrenaline. Physical exam- 
ination was unremarkable and two 12 lead electro- 
cardiograms taken that day were normal. 
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Twenty four hours later, however, when she had 
apparently completely recovered, her electro- 
cardiogram showed generalised tall peaked T waves 
and pronounced prolongation of the QT interval by 
41% (QT, 0-58s, upper limit of normal for age and 
sex 0-41 s (Figure)). Serum sodium, potassium, and 
calcium and renal function tests were all normal. 
There was no evidence of myocardial necrosis from 
cardiac enzyme estimations, and an echocardiogram 
and a ventilation perfusion lung scan were also nor- 
mal. Paired serum samples were taken immediately 
after the episode and two weeks later and showed no 
evidence of recent viral infection. The electro- 
cardiographic changes lasted five days and gradually 
subsided. She was treated with prednisolone 30 mg 
per day and discharged on the eighth day with no 
clinical or electrocardiographic abnormalities. Fur- 
ther inquiries showed that she had collapsed one year 
before after taking a single dose of ampicillin for 
urinary symptoms. She had recovered spontane- 
ously and no specific diagnosis had been made at that 
time. 


Discussion 


Anaphylactic reactions may occur after parenteral 
administration of drugs and they have also been re- 
ported after oral intake.! There are two main clinical 
presentations of anaphylaxis: (a) respiratory with 
bronchospasm or laryngeal oedema or both; and (6) 
cardiovascular with collapse and shock. Diffuse urti- 
caria may be associated with both, and both 
presentations can be rapidly fatal. 

The incidence of electrocardiographic changes 
after anaphylaxis is not known exactly, but such 
changes seem to be more common in patients 
presenting with cardiovascular collapse.” Bernreiter 
first reported an elderly patient who developed tran- 
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(QT, = 0-588) and (b) 10 days after anaphylaxis 
(QT, = 0-415). 


sient atrial fibrillation, intraventricular conduction 
disturbances, and T wave changes after acute ana- 
phylaxis. Fourteen cases of anaphylaxis were 
reviewed by Booth and Patterson, and electro- 
cardiographic changes were seen in six.* These were 
variable and included ST segment elevation and 
depression, nodal rhythm, and atrial fibrillation. The 
prolonged QT interval seen in our patient who 
survived severe anaphylaxis has not been described 
before. 

The pathological basis of these electro- 
cardiographic changes is uncertain. Electro- 
cardiographic changes developed in eight out of nine 
monkeys in which anaphylaxis had been experi- 
mentally induced.* Again there was no characteristic 
pattern. Distinct myocardial necrosis was seen in 
these animals at necropsy. No evidence of such 
lesions was found by Delage and Irey in a review of 
necropsies of patients who died of anaphylaxis.® 
Booth and Patterson postulate the following mech- 
anisms as being responsible for the electro- 
cardiographic changes—a direct antigen-antibody 
myocardial reaction, effect of anaphylactic mediators 
or sympathomimetics administered as treatment, 
anoxia, pre-existing heart disease, or a combination 
of these factors.* 

There was no other obvious cause other than ana- 
phylaxis to account for the electrocardiographic 
changes in our patient. Prolonged QT intervals have 
been associated with myocardial ischaemia, electro- 
lyte disturbances, drugs, and at times have been con- 
genital or idiopathic. Serial measurements of cardiac 
enzymes in plasma samples did not suggest any myo- 
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cardial necrosis in the present case and there were no 
biochemical disturbances, such as hypocalcaemia, 
that are known to prolong the QT.’ Neither ampi- 
cillin nor hydrocortisone are known to affect electro- 
cardiograms, Adrenaline altered QT intervals in 
experiments in dogs. Abildskov reported that rapid 
intravenous injection of adrenaline led to transient 
QT prolongation (for 12 seconds) followed by reduc- 
tion in QT interval (2 minutes).° The persistent 
change was a shortened QT interval which was also 
seen with slow infusion of adrenaline. Thus it is 
unlikely that the prolonged QT interval seen in our 
patient was caused by the adrenaline used for resus- 
citation. 

The aetiological factors responsible for these 
changes are debatable. QRS prolongation and other 
changes have been described in animals in experi- 
mental anaphylactic shock.” The QRS prolongation 
was partly attributed to vagal action, because it was 
less intense after vagotomy, although QRS was pro- 
longed to some extent in heart and lung prepara- 
tions. We saw no change in QRS in our patient. 
Histamine released during allergic reactions can pro- 
duce electrocardiographic changes in human sub- 
jects. Intravenous injection of 4-22 jg/min of 
histamine caused tachycardia, depression or in- 
version of T waves, and an increase in OT duration 
in some experimental subjects.'° These changes 
were thought to be due to the sympathetic response 
to histamine-induced hypotension because they 
could be prevented by previous administration of 
phenylephrine hydrochloride. The influence of 
sympathetic activity on the QT interval has been 
demonstrated by studies of stellate ganglion stimu- 
lation. Yanowitz et al showed that left stellate stimu- 
lation in open chest dogs increased T wave 
amplitude and prolonged QT inverval.'' In the same 
study it was shown that right stellectomy produced 
similar electrocardiographic changes and the authors 
suggested that these neurogenic electro- 
cardiographic abnormalities were the result of an 
imbalance between right and left sympathetic tone, 
Neurogenic factors may be responsible for the OT 
prolongation and T wave changes seen with cere- 
brovascular accidents.!? The period of syncope in 
our patient, however, was not immediately accom- 
panied by electrocardiographic changes, which carne 
later. Thus the electrocardiographic changes dern- 
onstrated in this patient may have been secondary to 
histamine release during the anaphylaxis or due to a 
pronounced increase in sympathetic activity as a re- 
sult of hypotension. 

A prolonged QT interval suggests an alteration in 
myocardial repolarisation and has been associated 
with serious rhythm disturbances and sudden death 
in various conditions. No arrhythmias were recorded 
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in our patient who was closely monitored, but it is 
possible that a proportion of sudden deaths in ana- 
phylaxis without respiratory manifestations could be 
due to serious rhythm disturbances related to QT 
prolongation. Routine electrocardiographic moni- 
toring of the patients surviving immediate anaphy- 
laxis would help‘in identifying electrocardiographic 
and rhythm disturbances. 
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Correction 


Asynchronous left ventricular wall motion early 
after coronary thrombosis D: Gibson, H Mehmel, 
F Schwarz, K Li, W Kübler — We apologise to Dr 
Helmuth Mehmel for the misspelling of his name in 
our January issue (page 4). i 
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Staffing and facilities in cardiology in the United 


Kingdom 1984 
Third biennial survey 


DOUGLAS CHAMBERLAIN, LINDA BAILEY, DESMOND JULIAN 


From the Centre for Medical Research, University of Sussex, in collaboration with the Cardiology Committee, 
Royal College of Physicians of London and the British Cardiac Society 


The cardiology committee of the Royal College of 
Physicians of London and the council of the British 
Cardiac Society have previously published surveys 
of staffing! ? and facilities? in cardiology in England 
and Wales relating to 1979 and 1982. In this report 
we present comparable data collected from health 
districts in England and Wales with an index date of 
1 July 1984. We also have information provided by 
colleagues in Scotland and Northern Ireland. The 
purpose of the surveys is to obtain accurate informa- 
tion for the specialty on the number of consultant 
posts and the prospects for senior registrars, and also 
to monitor the deficiencies in the provision of ser- 
vices within many health districts. ` 


Methods of inquiry 


As in previous surveys, a cardiologist in each health 
region of England and Wales was sent a list of dis- 
tricts in his locality and asked to suggest either one 
or two physicians in each who might be willing to act 
as respondents by completing a questionnaire. Con- 
tacts were also made with physicians in the health 
boards of Scotland, the health and social service area 
boards of Northern Ireland, and the independent 
special health authorities in London (National Heart 
and Chest Hospitals and Great Ormond Street-Hos- 
pital). ° 
The questionnaire comprised 20 sections relating 
to consultant staff, senior registrars, technical staff, 
referral patterns, facilities, and equipment. We dis- 
tinguished bétween cardiovascular physicians who 
spend virtually all of their professional time engaged 
in cardiology and those who have additional re- 
sponsibilities in general medicine. Three criteria 
were required for inclusion in the latter group: a 
special interest in cardiology, appropriate training in 
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the specialty, and at least 40% of professional time 
devoted to it. We recognise that many other physi- 
cians, unable to meet all three criteria, provide im- 
portant services to those with heart disease; 
however, they have not been included in the study. 

Some questionnaires were returned promptly, but 
where necessary second and third documents were 
sent with reminders. Telephone contact was made 
with the few health districts from which no wntten 
information could be obtained. After the data had 
been entered on to thé computer a printout of the 
information received from each health district was 
returned to the respondent for checking. Sub- 
sequently the results were assembled by region or 
other appropriate groups and submitted under 
confidential cover to our regional advisors for scru- 
tiny as a guard against inadvertent errors. On this 
occasion there were few disagreements on fact, and 
all were readily resolved by further consultation. 
Finally, discrepancies with previous inquiries at 
district level were identified and referred for final 
checks. 3 : 

The data for England and Wales have been refined 
by sequential investigation over seven years (1977 to 
1985) and: must be substantially accurate. We are 
less confident about some details from Scotland and 
Northern Ireland: full information has been sought 
on only one occasion and therefore we have had less 
opportunity for identifying inconsistencies. We do 
not underestimate our respondents difficulties in 
completing. complex forms under pressure from 
many competing priorities. That our survey is com- 
plete is a testimony to the high level of cooperation 
we have received throughout the entire period of the 


survey. 


Compared with our previous publication,” a few 


differences in format have .been adopted for the 


tables, which contain the principal results of the in- 
quiry. The most important modification concerns 
the designation of cardiologists as engaging in adult 
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Table 1 Number of cardiovascular physicians tn post (at 1 Fuly 1984) for each health region in England and Wales. { Data in parentheses 
refer to 1982 figures) 

Region and population No of Major Physicians Pi No of ic 
health centres Full time cardiology Major mterest engaged m cardiology 7 
districts 

Adult Paediatric Adult Paediatric 

East Anglia (1939 600) 8 1 3 0 3 0 6 

Mersey (2.428 100) 10 1 4 2 2 1 9 

Northern '(3 093 100) 16 1 6 2 ll 0 19 

North East Thames (3 738 400) 16 3 12 0 10 l 23 

North West Thames (3 471 000) 15 4 iu 2 9 1 23 

North Western (3 996 700) 19 3 9 1 11 1 22 

Oxford (2 405 400) 8 1 3 1 6 1 11 

South East Thames (3 595 300) 15 4 13 3 10 0 26 

South-West Thames (2 953 800) 13 1 5 0 4 0 9 

South Western (3 125 100) 11 1 2 2 9 0 13 

Trent (4610600, 12 2 5 1 13 1 20 

Wessex (2824400) 10 1 2 2 7 0 11 

West Midlands (5 176 000) 22 3 11 2 9 0 22 

Yorkshire (3598 900) 17 3 7 3 9 0 19 

Wales (2 807 200) oe 1 4 0 8 0 12 

National, Heart and Chest Hospitals and 

Great Ormond Street Hospital 5t 4 14} 8 0 0 22 

Totals 206 (206) 34 (34) 111 (111) 29 (18) 121 (117) 6 (4) 267 (250) 





*Wales fas aine bales districts and 18 district 


general hospitals. 
The National Heart and Chest Hospitals and Great Ormond Street Hospital do not comprise a region with districts. They are administered separately 


as independent special health authorities. 
PT wo additional posts were created but two others have been re-designated as paediatric cardiology. 


or paediatric practice. Previously we had a column 
for those claiming both skills. This has been aban- 
doned partly in recognition of the tighter delineation 
of paediatric cardiology as a subspecialty, but also 
because of the apparently random movement of in- 
dividuals into and out of the “both” column that 
represents a category lacking an adequate definition. 
We accept that most cardiologists in adult practice 
see some children with congenital heart disease, and 
that this requires no special statement. To permit 
comparisons between the 1982 and 1984 data the 
earlier figures adjusted to the 1984 format are shown 
in parentheses wherever it seems relevant to do so. 
The inquiry on facilities has been broadened to in- 
clude percutaneous transluminal angioplasty, the 


one major advance in cardiology that has been devel- 
oped between the two surveys. 

Detailed information compiled under individual 
health districts has not been published but can be 
made available to those with a legitimate interest in 
the provision of cardiological services. Some infor- 
mation, notably names of individual consultants and 
senior registrars, with associated retirement or con- 
tract expiry date, is regarded as confidential and will 
not be divulged except as composite data in tables. 


Comment 


The second survey introduced data on technical 
staffing and facilities for England and Wales, infor- 


Table 2 Number of cardiovascular physicians in health boards of Scotland at 1 July 1984. (Data in parentheses refer to 








1982 figures) 
Health boards and population Mayor Phyncians Physicians No of physicians 
centres Full time cardiology Major mterest engaged m cardiology 
Adult Paediatric Adult Pasdatric 
(497 272) 1 1 0 2 0 3 

Hi (197 208) 0 0 0 1 0 1 
0 (19 134) 0 0 0 0 0 0 
Shetland (23 351) 0 0 0 0 0 0 
Taynde (394415) 0 1 0 2 0 3 
Greater ) 2 7 2 9 1 19 
Ayrshire and Arran (375 776) 0 0 0 3 0 3 

ll and Clyde (447 951) 0 0 0 0 0 Q 
Lothian (744 558) 1 6 2 2 0 10 
Borders (101278) 0 0 0 0 0 0 
Fife (344 488) 0 0 0 1 0 l 
Forth Valley (272 792 0 0 0 0 0 0 
Lanark (570 636) 0 s _ 2 — 2 
Western Isles (314 456) 0 0 0 it) (H 0 
Total 4 15 (15) 40) 22 (22) 1(2) 42 (40) 
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Table 3 Number of cardiovascular physicians in post in Northern Ireland at 1 Fuly 1984 . (Data in parentheses refer to 





1982 figures) 
Health and social No of Mayor Physicians Physicians No of physicians 
service boards and umts of centres Full time cardiology Mayor mterest engaged tn cardiology 
population management reece 
Adult Paechatric Adult Paediatric 

Northern (381 100) 4 — 0 0 3 0 3 
Souther (286 600) 3 — 2 0 2 0 4 
Western (261 200 3 — 0 0 2 0 2 
Eastern (649 600) 14 1 1l 1 0 0 12 

24 1 13 (11) 1 (1) 7 (6) 0 (0) 21 (18) 





mation that was not obtained from our first ques- 
tionnaire. This third survey 1s even broader: we have 
attempted to collect comprehensive information for 
the whole of the United Kingdom. The increasing 
complexity of the inquiry has been associated with 
problems in data collection and analysis that make 
early publication difficult to achieve. We hope, how- 
ever, that any future biennial or triennial surveys 
will be completed more readily by following a pat- 
tern that is now reasonably well established. 
Tables 1, 2, and 3 show the number of cardio- 
vascular physicians in each region of England and 
Wales, in each health board in Scotland, and in each 
health and social service area board ın Northern Ire- 
land. As explained in the Methods, these tables are 
not directly comparable with those published pre- 
viously because the column for cardiologists claim- 
ing skills in both adult and paediatric practice has 
been eliminated; all individuals have been classified 
into one of the two principal divisions of the speci- 
alty. Comparisons can be made, however, in the line 
showing totals for each of the remaining categories: 
numbers from the 1982 survey (adjusted to the 1984 
format) are shown in parentheses. For England and 
Wales (Table 1) a modest improvement has been 
made in the number of cardiologists in adult prac- 


tice. Two new posts in full time cardiology are not 
reflected in the table because two others have been 
re-designated as paediatric cardiology. There is a net 
increase of four posts for those with a major interest 
(representing six gains and two losses). The major 
expansion, however, has come in nine new posts in 
paediatric cardiology; there are also two 
apparent additions that result only from errors of 
designation in our last survey. We have attempted 
similar comparisons for Scotland (Table 2) and for 
Northern Ireland (Table 3) and we believe them to 
be substantially accurate. Five new posts appear in 
these tables (a net gain of two in paediatric cardi- 
ology). Thus for the whole United Kingdom we 
have the following net increases in posts: full time 
adult cardiology, four; full time paediatric cardiol- 
ogy, 12; major interest adult cardiology, five; major 
interest paediatric cardiology, one; overall total, 22. 

The numbers of physicians engaged full ume in 
cardiology in England and Wales in this survey is 
now 140 (adult plus paediatric). The figure pub- 
lished for 1984 by the Department of Health and 
Social Security is close to this at 135.? The reason 
for the small discrepancy does not lie with our 
earlier index date (July compared with September 
1984), but probably with differences in designation 


Table 4 Number of retirements expected each year for cardiovascular physicians in post in England and Wales at 


1 July 1984 





Year Full ume cardiology 


a 


Total 
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A, adult; P, paediatric. 
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Table5 Number of retirements expected each year for cardiovascular physician: tn post at 1 July 1984 in Scotland 





Year Full time cardiolagy 
A P Total 

1984 0 0 0, 
1985 3 0 30 
1986 0 0 0 
1987 0 0 0 
1989 1 0 1 
1990 2 0 2 
1993 0 0 0 
1994 0 0 0 
1995 1 0 1 
1998 1 0 1 
1999 0 1 I 
2000 + 7 3 10* 
Total 15 4 19 


A, adult; P, paediatric. ", 


Mayor tnterest carhology Grand total 
A P Total 
1 0 1 1 
1 0 1 4 
1 0 1 1 
l 0 1 1 
0 0 0 1 
1 1 2 4 
1 0 1 I 
1 0 1 1 
0 0 0 1 
1 0 1 2 
0 0 0 1 
14 Q 14 24 
22 J 23 42 


Table6 Number of retsrements expected each'year for cardiovascular physicians m post m Northern Ireland at 1 July 1984 








Year Full nme cardiology Major interest cardiology Grand total 
A P Total DSA en Total 
1986 0 0 0 1 0 1 1 
1992 1 0 1 0 ‘0 0 1 
1997 1 0 wi 0 0 0 I 
1998 2 0 2 0 0 0 2 
2000+ 9 1 10 6 0 6 16 
Total 13 1 14 7 0 7 21 





A, adult; P, paediatric, oy 


of physicians as full time in cardiology or with a | 


major interest in the specialty. Designation may be- 
come increasingly arbitary -and consistency more 
difficult to attain with the new emphasis on a spec- 
trum of activity rather than polarisation between the 
old type A and type B categorisation. Inclusion of 
the whole spectrum of cardiologists who have special 
training and expertise does seem the more realistic 
approach. The numbers have now reached 267 in 
this survey. 

Tables 4, 5, and 6 show the expected returement 
dates of consultant cardiologists for respectively, 
England and Wales, Scotland, and Northern Ire- 
land. We have data both by assumung retirement at 
age 65 and by taking account of stated intentions to 
retire early. Neither method will accurately foretell 
future events, but as in the last survey we have pub- 
lished intended dates as being the better approxi- 
mation. Though some intentions have been 
modified, the pattern for England and Wales is 
broadly similar to that in our previous publication. 
Both show 38 impending retirements for the five 
years 1985-89, with only two minor adjustments 
which do not affect overall figures. Opportunities for 
senior registrars from retirements alone do not in- 
crease until 1998 when the pattern changes 
markedly: a large turnover of posts continues from 
then until 2013 at least, well beyond the scope of the 
published tables (full details can be supplied on re- 
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quest). From, 1998 most of the vacancies will be in 
posts designated as having a major interest in cardi- 
ology, whereas posts requiring exclusive time in car- 
diology are slightly more numerous until that date. 
The numbers for Scotland and Northern Ireland are 
too smali for trends to be identified... 

Table 7 shows the number of health districts 
without cardiologists as defined for this survey. 
Wales cannot be considered in the same way as 
England because ıt has twice as many major district 
hospitals as health districts. For better compara- 
bility, hospitals rather than districts have been coun- 
ted for the Principality as in our previous 
publication. Eight districts ın England or district 
hospitals in Wales that were without cardiologists in 
1982 had one in post by 1984, but two others lost 
them. The net gain was: ‘therefore six within the 63 
previously without cardiologists. If Wales is 
excluded because the health authorities are not 
strictly comparable with those of England, there was 
a gain of five new posts within the 52 health districts 
previously without local cardiological expertise. The 
populations within the health districts still without 
cardiologists total 9-3 million excluding Wales, and 
This represents only a small 
improvement in the overall 1982 figure of 11-7 mil- 
lion. In addition nine other health districts have five 
or less cardiology sessions per week. Within the 
totals it can be seen that the North East. Thames 
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Table 7 Number of health districts and population without cardiovascular physicians working full time in specialty or uth a 
major interest as defined for the survey at 1 July 1984. (Data m parentheses refer to 1382 in figures) 





Region and population No of health districts 
in region 

East Anglia (1 939 600) 8. 
Mersey (2 428 100) 10 
Northern (3.093 100) 16 
North East Thames (3 738 400) 16 
North West Thames (3 471 000) 15 
North Western (3996 700) 19 
Oxford (2 405 400) r 8 
South East Thames (3 595 300). 15 
South West Thames (2 953 800) 13 
South Western (3 125 100) “OM 
Trent (4610600) 12 
Wessex (2824 400) 10 
West Midlands (5 176 000) 22 
Yorkshire (3598 900) 17 
Wales (2 807-200) 9/18* 
National Heart and Chest Hospitals and 

Great Ormond Street Hospital St 
Totals 206 (215) 


No of health districts without Total health district population 
cardiovascular physiaans not served by cardiovascular 
phynaans 

905 900 


7 1510000 
5(-2) 860 800 


Wom W O e 
ed 

nH 

A 

a 


(-2) 
10 (-1) 


10 658 000 


57 (63) 9 264 500 





*Wales has nme health districts and 18 district general hospitals. The populations served by these hospitals are estimates. 
+The National Heart and Chest Hospitals and Great Ormond Street Hospital do not compmse a region with districts. They are 


admmistered separately as independent special health authorities. 


Table 8 Health boards and population in Scotland, 
without cardiovascular physicians working full time in 
specialty or with a major interest as defined for the survey, at 
1 Fuly 1984 


Health board population not served 


Health boards wnthout 
cardiovascular physiaans by cardiovascular physaans 
Argyll and Clyde 447951 
Borders . 101 278 
Forth Valley 272-7192~ 
kney 19134 
Shetland 23351 
Western Isles 314456 
Total 6 (6) 1178962 





Region is alone in having a cardiologist within each 
district hospital, with South East Thames and South 
Western near to this ideal. Mersey and Wales can be 
cited as. particularly poorly endowed, accounting 
between them for nearly a third of the population 


not served by cardiologists. Data comparable to that ` 


in Tables 8 and 9 were not available for our last 
survey. These show that nine administrative areas 


within Scotland and Northern Ireland are without | 


cardiologists. The population in these areas added to 
that in England and Wales makes a total of 12-3 mil- 
lion for the United Kingdom, though a recent joint 
report from the Royal College of Physicians of Lon- 
don and the Royal College of Surgeons of England 
recommends that every district general hospital 
should have at least one physician with special train- 
ing in cardiology.* 

_ Other special committees have addressed the 
needs within their own fields. For example, commit- 
tees of the College of Physicians of London on 
gastroenterology% and on thoracic medicine® have 
both recommended that at least one physician within 
each district hospital should be trained in their 
respective disciplines. Both have suggested one spe- 
cialist per 150000 population so that larger district 
hospitals should have two. Cardiologists (with their 
colleagues. in’ general medicine) face the heaviest 
burden of community mortality and morbidity 
within their sphere of expertise and have much of 
proven value in treatment to offer. It is also our con- 
tention that the larger district hospitals should even- 


Table9 Health and social service boards without cardiovascular physicians working full time in specialty or with a major 
interest as defined for the survey m Northern Ireland at 1 July 1984 








Health and soctal service No of umts of. No of umts wthout Total unu of management population not 
board . management cardiovascular physicians served by cardiovascular physicians 
Northern (381 100)" 4 1 63700 | 

Southern (286 600) 3 0 — 

Western (261 200) 3 1 162 800 

Eastern (649 600) 14 4 143 600* 

Totals 24 6 370 100* 


Some units of management without cardiovascular physicians do have visits from nearby cardiac centres. 
*Population figures are not available from Northern Ireland for two units s of Management and so not included m these figures. 
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Table 10 Semor registrars: contract expiry dates, type of appointment, and career intentions in England and Wales at 
1 July 1984 : 
Year Number Type of appointment Career wttantions 
NHS Academic Other WT MI GM CA UD 

1984 4 3 1 0 3 1 0 0 0 
1985 17 8 4 3 10 3 0 3 1 
1986 6 6 0 0 5 1 0 0 0 
1987 7 4 3 0 7 0 0 0 0 
1988 8 1 0 6 2 0 1 0 
No expiry dates 13 5 7 1 11 2 0 0 0 

(6) 56* 34 16 4 42 9 0 4 1 





WT, whole ume cardiology; MI, mayor mterest cardiology; GM, general medicine (no special interest in cardiology), CA, career abroad; 


UD, undecided 


*There 1s no information available about the type of appomnment held by two of 56 senior registrars or equivalents. 
Ten of the 56 senior registrars have already had their contracts renewed; one of these is now listed as having no contract expiry date 
although on a Nauonal Health Service contract, a further two, also on National Health Service contracts, are listed as having expired 











contracts. 
Table 11 Senior registrars: contract expiry dates, type of appointment, and career tntentions in Scotland at 1 Fuly 1984 
Year Number Type of appomtment Career intentions 
NHS Academic Other WT MI GM CA UD 

1984 1 1 0 0 0 1 0 0 0 
1986 4 1 3 0 2 2 0 0 0 
1987 2 1 1 0 2 0 0 0 0 
1988 2 2 0 0 1 0 0 0 1 
Total 9 5 4 0 5 3 0 0 1 





WT, whole ume cardiology; MI, major interest cardiology; GM, general medicine (no special interest in cardiology); CA, career abroad; 








UD, undecided. 
Table 12 Senior registrars: contract expiry dates, type of appointment, and career intentions in Northern Ireland at 
1 July 1984 
Year Number Type of appointment Career mtentions 

NHS Academic Other PT MI GM CA UD 
1984 i 1 0 0 0 0 0 0 I 
1985 6 5* 0 0 2 2 1 1 0 
1986 1 I 0 0 0 0 1 0 0 
1987 1 1 0 0 0 0 1 0 0 
Total 9 8* 0 0 2 2 3 1 1 





WT, whole nme cardiology; MI, mayor interest cardiology, GM, general medicine (no special interest in cardiology); CA, career abroad, 


UD, undecided 


*No mformation available about type of appointment held by one of the senior registrars. 


tually have two consultants trained in the specialty if 
a reasonably comprehensive service is to be offered 
to the community. While the consultant staffing 
levels within most district hospitals cannot at 
present support the recommendations of all special- 
ist committees, implementation or part imple- 
mentation of the Short report? would make these 
aims feasible. 

Tables 10, 11, and 12 show the details of senior 
registrars in post in the United Kingdom. In 
England and Wales the number has fallen between 
our last three surveys from 71 to 63 to 56. Since the 
1982 survey four academic posts and three other 
honorary contracts have also been lost or tempo- 
rarily frozen. The career intention of the registrars is 
overwhelmingly to practice cardiology exclusively, 
though many must know that this is unrealistic. 


Both Scotland and Northern Ireland have nine 
senior registrars, but we have no comparable data 
for 1982. 

Table 13 shows the distribution of consultants 
and senior registrars between regions. This con- 
tinues to be very uneven, for example there are 10 
senior registrars in North West Thames and eight in 
North East Thames compared with none in Wessex 
and one in East Anglia (East Anglia was shown as 
having two in the previous survey but this was an 
error of Gesignation—no change has occurred). The 
relatively high numbers within the four Thames 
regions—23 or over 30% of all in the United 
Kingdom—reflects the preponderance of teaching 
hospitals and major cardiac centres in the metro- 
politan regions. The ratio of consultants to senior 
registrars should, however, be relatively constant. 
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Table 13 Number of full tıme cardiovascular physicians and semor registrars m post in each region in England and Wales at 
“1 July1984. (Data m parentheses refer to 1982 figures) 


No of health districts Full ame physictans Physicians mayor Senior registrars 


cardiology 


Hospitals and Great Ormond 
Street Hospital t 
206 (215) 


22 
Total 140 (129) 


interest 





_ 


VUBVWOUWKWN WON OMYWrH 


6 


0 
127 (121) 56 (63) 





*Wales has nine health districts and 18 district general hospitals; the figure in brackets refers to district general hospitals. 
tThe National Heart and Chest Hospitals and Great Ormond Street Hospital do not comprise a region with districts They are 


administered separately as independent special health authorities. — 


Table 14 Comparison between senior registrars’ contract expiry dates and cardiovascular physicians’ retsrement dates m 


England and Wales at 1 July 1984 





No of contracts expiring 


No of retirements expected 








4 
17 


35 








Table 15 Comparison between semor registrars contract expiry dates and cardiovascular physicians’ retirement dates in 


Scotland at 1 Fuly 1984 





No of contracts expiring 





No of retirements expected 





OKA Om 





JOm m be 





Table 16 Comparison between semor registrars contract expiry dates and cardiovascular physicians’ retiring in Northern 





Ireland at 1 Fuly 1984 

Year No of contracts expiring No of retirements expected Balance 
1984 1 0 —1 
1985 6 0 —6 
1986 1 1 — 

1987 1 0 -1 
Total 9 1 —8 





To allow for the differences in tenure of the two 
groups, one senior registrar post is needed for every 
seven consultant posts if a balance is to be main- 
tained. In England, eight regions have a satisfactory 
ratio, as does Wales. But Mersey and North East 
Thames have twice this ratio (with Yorkshire and 


Oxford close to twice) while North West Thames 
has three times the desirable ratio. The figure is also 
too high at the postgraduate teaching hospitals, but 
it may be argued these have unusual facilities and 
responsibilities for training. The situation is very 
unsatisfactory in Northern Ireland which has nine 
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Table 17 Technical support in health regions m England and Wales at 1 Fuly' 1984. (Data in parentheses refer to 1982 
figures) 





Region and populanon Physiological measurement techniaans Cardiographers 
Quahfied Students Total per 100000 

East Anglia (1 939 600) 145 50 195 101 209 
Mersey (2.428 100) 65 2 180 83-2 343 0-2 
Northern (3093 100) 325 60 38 5 124 374 
North East Thames (3 738 400) 531 140 671 179 29-7 
North West Thames (3 471 000) 28:0 190 470 1-35 349 
North Western (3 996 700) 830 14-0 970 2-43 186 
Oxford (2 405 400) 10-9 20 129 054 20 4 
South East Thames (3 595 300) 40 6 10-0 50-6 141 505 
South West Thames (2953 800) 210 60 270 091 17-8 
South Western (3125 100) 315 20 335 107 285 
Trent (4610 600) 816 22 0 103-6 225 435 
Wessex (2 824 400) 158 5-0 20 8 0-74 277 
West Midlands (5 176 000) 811 70 88-1 170 353 
Yorkshire (3 598 900) 645 8-0 72:5 201 30-7 
Wales (2 807 200) 65 2 18-5 837 297 34-0 
National Heart and Chest Hospitals and 

Great Ormond Street Hospital 42:5 9-0 515 0-00 25 

731 0 (628-3) 165 5 (179 3) 896-5 (807-6) 432-6 (468 8) 





senior registrars and 21 physicians with a major 
commutment to cardiology (as defined in this docu- 


The Department of Health and Social Security, the 
Joint Consultants Committee, and the British Medi- 


ment). The regional disparities of course mask other 
anomalies within individual centres. 

The balance between the senior registrars con- 
tract expiry dates and cardiovascular physicians 
retirement dates (Tables 14, 15, and 16) is of interest 
though the figures must be interpreted with caution. 
In the five years from 1984 to 1988 a deficit of 21 
posts is shown compared with a deficit of 28 over 
four years shown in the 1982 survey. The change is 
a result of a combination of circumstances: on the 
one hand there are fewer senior registrars and equiv- 
alents in post and on the other hand new 
appointments have absorbed some of the backlog. 


cal Association long ago recommended that consul- 
tant posts should grow at 4% per annum and junior 
posts at 2:5% .§ The consultant growth in specialised 
cardiology from 1979 to 1984 was 5% per annum. 
Thus the average surplus now shown, four per year 
for England and Wales over the whole spectrum of 
cardiology, might reasonably expect to be absorbed 
into new appointments and unexpected vacancies, 
and we believe these have continued to appear since 
the index date of the present survey. The calculation 
depends upon senior registrars being in post an 
average of four years, which is broadly the recent 
pattern. But the position is complicated by varying 


Table 18 Summary of facihties m regions in England and Wales at I Fuly 1984. (Data in parentheses refer to 1982 figures) 





Region and No of health Cardiac Haemodynamic Percutaneous, Pacing Scans 
population districts surgery mvestigation 7 1e aeea 
Permanent Temporary M mode Cross 
Major Mrnor sectional 

East Anglia (1 939 600) 8 1 2 5 1 2 8 8 5 
Mersey (2 428 100) 10 1 1 3 1 1 9 3 2 
Northern (3093 100) 16 1 1 6 1 1 16 11 7 
North East Thames (3 738 400) 16 3 4 9 3 4 16 13 10 
North West Thames (3 471 000) 15 4 5 9 3 6 15 8 8 
North Western (3996 700) 19 3 3 nN 2 5 17 12 10 
Oxford (2 404 400) 8 1 1 5 1 1 7 6 3 
South East Thames (3 59% 300) 15 4 4 9 4 6 15 10 8 
South West Thames (2 953 800) 13 1 2 7 1 2 13 9 5 
South Western (3 125 100) 11 1 1 6 1 5 11 7 8 
Trent (4610 600) 12 2 3 7 2 3 10 8 5 
Wessex (2 824400) 10 1 1 4 1 2 10 6 3 
West Midlands (5 176 000) 22 3 8 15 1 9 21 16 9 
Yorkshire (3598 900) 17 3 3 8 2 5 14 9 8 
Wales (2 807 200) g* 1 1 7 2 2 17 11 9 
National Heart and Chest Hospitals 

and Great Ormond Street Hospital 5t 4 4 5 4 4 4 4 4 

206 (215) 34 (34) 44 (43) 116 (92) 30 58 (54) 203 (198) 141 (143) 104 (59) 





*Wales has nine health districts and 18 district general hospitals. 
{The Navonal Heart and Chest Hospitals and Great Ormond Street Hospital do not comprise a region with districts. They are administered 
separately as independent special health suthontes, 
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contract expiry dates and changing designation of 
appointees especially for those with honorary con- 
tracts. Though 1985 seems in Table 14 to be a par- 
ticularly unbalanced year (accounting for much of 
the difference between trained individuals com- 
peting for appointments and posts available) the 
position has been eased by the creation of six new 
posts since July 1984. Moreover, four (in England 
and Wales) of the senior registrars in our present 
survey expressed an intention of practising abroad. 
The outlook for senior registrars is therefore less 
bleak than in the recent past. The situation seems 
satisfactory in Scotland. It remains unfavourable in 
Northern Ireland and will be eased only if highly 
trained individuals compete for posts elsewhere in 
the United Kingdom on equal terms with their 
peers. 

Technical support (Table 17) remains very 
uneven throughout England and Wales. Oxford and 
Wessex are again at the botton of the league table; 
Oxford has not improved its position at all (approxi- 
mately one half whole time eqivalent physiological 
measurement technician per 100000 population) 
whereas Wessex has shown some modest 
improvement. Modern cardiology increasingly 
depends upon technicians—for monitoring of pace- 
maker patients, for effort testing, for ambulatory 
monitoring, and for echocardiography as well as for 
invasive studies. We are disturbed to see a relatively 
small overall increase (less than 10%) in technical 
support over a two year period when demand on the 
service must be increasing considerably. Not all of 
this presumed shortfall can be accounted for by 
more automation, though modern technology can 
potentially absorb an appreciable increase in work- 
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load for some facilities. Moreover there are now 
fewer cardiographers, suggesting that more electro- 
cardiograms are taken by staff designated as tech- 
nicians (a familiar strategy to overcome the 
inequitably poor pay of cardiographers). Much of 
the very small true increase must also be in support 
of new cardiological posts, so expansion is clearly 
not occurring adequately in a sphere that sorely 
demands it if reasonable expectations of patients are 
to be met. 

The facilities available in England and Wales 
appear in Table 18. Comparisons between the 1982 
and 1984 surveys can be made by examining the 
bottom line of Table 18 (1982 figures in parenthe- 
ses). The apparent loss of one centre undertaking 
major haemodynamic investigations reflects only a 
change in designation of one unit carrying out some 
invasive procedures that do not include coronary 
angiography. Thirty centres in England and Wales 
were undertaking percutaneous transluminal angio- 
plasty in 1984 (no 1982 comparison). Four more 
centres undertook permanent pacing and another 10 
temporary pacing. Though the situation has 
improved, we should remember that immediate 
access to temporary pacing is a life saving procedure. 
Yet temporary pacing 1s still not available at all 
within 11 health districts (comprising over two mil- 
lion people). Moreover, we can reasonably assume 
that performance is less than ideal in many of the 50 
health districts in England and Wales that undertake 
temporary pacing yet have no cardiologist Nor 
should we be satisfied with constraints upon districts 
that do have a cardiologist but lack immediate access 
to umage intensification. Asystolic arrest or even 
severe bradycardia are emergencies in which sec- 








Sanngr. Invasive Recording Recording Stress test Cardiac Momitored Coronary 
paid electrophysology  facihites facthres and (treadmill or care beds ambulance 
only analysts bicycle} unts 
3 0 8 4 8 8 6 1 
0 1 7 5 9 9 17 1 
17 1 16 6 15 21 8 1 
16 3 15 14 16 15 37 1 
13 4 15 12 13 14 29 0 
6 3 17 15 17 19 1 3 
5 1 7 7 7 5 27 1 
22 5 15 14 15 17 9 3 
9 2 13 10 13 11 19 4 
18 3 ll 9 10 12 16 4 
17 2 9 7 10 15 8 2 
6 1 10 5 9 10 22 3 
20 5 21 14 18 25 4 2 
17 2 15 13 15 13 38 2 
16 1 16 12 3 12 22 1 
11 4 4 4 4 2 12 0 
196 (54) 38 (42) 199 (188) 151 (133) 182 (185) 208 (162) 275 (59) 29 (21) 
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oads and minutes without definitive treatment can 
determine an unfavourable outcome. The number of 
centres with facilities for cross sectional echo- 
cardiography has nearly doubled since 1982, while 
cardiac scintigraphy shows an even greater increase. 
The number of cardiac care units (the definition 
includes immediate availability of image 
intensification?) has increased from 162 to 208, and 
the numbers of monitored beds (no image 
intensification available) has gone up even more 
steeply—though this may reflect a change in 
response to a question that was ambiguous in earlier 
questionnaires. The number of coronary ambulance 
systems (or resuscitation ambulance systems) has 
also increased from 21 to 29; a steep rise is to be 
expected from now onwards because of the changed 
attitude of Department of Health to this facility. 
The United Kingdom still suffers from gross 
underprovision of cardiological services. We have no 
access to comprehensive recent European data, but a 
previous report drew attention to the comparison 
with most other countries in the European Eco- 
nomic Community that have two to 10 times more 
cardiologists in relation to their populations.” Our 
own service should be criticised principally for the 
inequality of provision within the United Kingdom. 
We have disparities between our four countries, 
with 133 cardiologists per million population in 
Northern Ireland, 8-0 per million in Scotland, 5-4 
per million in England, and 4-2 per million in Wales 
(5-82 per million overall). We have even greater 
inequalities between regions, and especially between 
districts. Correction of these anomalies, by bringing 
districts less well endowed into line with districts 
that are able to provide adequate cardiologrcal cover 
is a reasonable aim and readily attainable with the 
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present numbers of trained senior registrars and a 
modest increase in support facilities. 
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Dipyridamole combined with exercise for 
thallium-201 myocardial imaging 


PR WALKER, MAJAMES, RPH WILDE,* CH WOOD,* J RUSSELL REES 
From the Departments of Cardiology and * Radiodiagnosis, Bristol Royal Infirmary, Bristol 


SUMMARY A new stress test for thallium-201 myocardial imaging in which pharmacological coro- 
nary vasodilatation with dipyridamole is combined with dynamic exercise is described. In 38 
patients with coronary artery disease the sensitivity, total number of defects, degree of redis- 
tribution, and visual quality of thallium-201 imaging were greater after dipyridamole with exer- 
cise testing than after exercise alone. When the data from these 38 patients were combined with 
the results of dipyridamole-exercise imaging in 49 patients in whom exercise electrocardiography 
had been inconclusive then the technique gave a sensitivity for coronary disease of 87%, and a 
specificity of 92%. Dipyridamole also increased the sensitivity of the exercise electrocardiogram, 
so that no patient with coronary disease had a strictly negative dipyridamole-exercise stress test. 
Only five of 214 patients who have now undergone this test have had complications requiring 
reversal of vasodilatation with aminophylline. The combined use of dipyridamole and exercise in 
this simple technique is a reliable and safe improvement on standard thallium-201 imaging tests. 


Thallium-201 myocardial imaging is now an estab- 
lished technique for the diagnosis of coronary artery 
disease. ? Although thallium-201 scintigraphy per- 
formed after maximal exercise (exercise imaging) 
may possess greater sensitivity for coronary disease 
than does exercise electrocardiography,?* false 
negative scintigrams are still found in about 25% of 
patients.°~’ While computer assisted quantitation 
of scintigrams is said to give greater sensitivity than 
simple visual analysis,® ° falsely negative results can 
still be expected when the stress imposed before 
thallium-201 injection is insufficient to produce re- 
gional differences in thallium-201 distribution. 
The two widely used stress methods for thallium- 
201 imaging are dynamic exercise and pharma- 
cological coronary vasodilatation with dipy- 
ridamole.'° The purpose of these studies was to 
evaluate a simple technique in which maximal exer- 
cise testing is performed in the presence of a high 
plasma concentration of dipyridamole (a 
dipyridamole-exercise stress test). Studies of three 
groups of patients are described: in section 1 the sen- 
sitivity and quality of thallium-201 images obtained 
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with the new method were compared with standard 
exercise imaging. The overall sensitivity and 
specificity of dipyridamole-exercise imaging were 
assessed in section 2, and in section 3 the optimal 
time for exercise testing after the large oral dose of 
dipyridamole was determined by serial measure- 
ment of plasma concentrations. 


Section 1: a comparison of 
dipyridamole-exercise imaging with standard 
thallium-201 imaging in patients with 
coronary artery disease 


PATIENTS AND METHODS 

Thirty eight patients with stable mild or moderate 
angina pectoris were studied (35 male and three fe- 
male; aged between 38 and 62 years, mean 50-5 
years). The selection criteria were as follows: (a) no 
electrocardiographic or angiographic evidence of 
previous myocardial infarction; (b) no myocardial 
ischaemia (angina or ischaemic ST segment 
changes) during the first six minutes of a treadmill 
exercise test (modified Bruce protocol); (<) un- 
equivocal evidence of coronary artery disease. Im- 
portant lesions had been demonstrated in all 32 
patients who had undergone coronary arte- 
riography. The remaining six patients were middie 
aged men with typical angina and an ischaernic ST 
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segment response during exercise, who may there- 
fore be assumed to have had coronary disease!! !? 
but whose symptoms did not warrant arteriography. 

These criteria were designed to select those pa- 
tients in whom standard thallium-201 imaging could 
be expected to show a relatively low sensitivity for 
coronary disease.’ 1? By excluding patients with eas- 
ily induced myocardial ischaemia the probability of 
angina being produced by dipyridamole alone was 
also reduced (unpublished observations). 

Each patient gave informed consent to undergo 
exercise thallium-201 imaging on two separate occa- 
sions with a two week interval between tests. On one 
occasion, selected at random, exercise testing was 
preceded by the administration of dipyridamole as 
described below. On both occasions patients exer- 
cised to a symptom-limited end point and thallium- 
201 (2 mCi) was injected intravenously 45 seconds 
before exercise was stopped. 


Protocol for dipyridamole~exercise testing 

At least two hours after a light breakfast the patient 
took 300 mg of dipyridamole (three 100 mg capsules 
of Persantin, Boehringer-Ingelheim) by mouth, 
having been informed that this unusually large dose 
might cause headache, mild chest discomfort, or a 
feeling of warmth. Forty five minutes later any 
symptoms were recorded, a modified 12 lead electro- 
cardiogram was analysed, and a 19 gauge butterfly 
cannula was inserted into a dorsal hand vein. In the 
absence of severe angina or ST segment changes the 
patient started treadmill exercise approximately 60 
minutes after dipyridamole. When severe angina or 
ST segment changes were produced by di- 
pyridamole alone thallium-201 was injected at rest 
and this was followed immediately by a slow intra- 
venous injection of aminophylline (125-250 mg). 
Thallium-201 imaging was then performed without 
exercise. 


Thallium-201 imaging 

Early thallium-201 images were recorded within 20 
minutes of stress testing and late images four hours 
after testing by means of an IGE Maxicamera 400T 
gamma camera with a high resolution converging 
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collimator. Planar images were obtained in the ante- 
rior, 45° left anterior oblique, and 60° left anterior 
oblique projections. A total of 400000 events was 
collected for each image. The data were collected 
and processed by a Link Systems Dyanne computer. 
Five discrete regions of the left ventricular 
myocardium—anterolateral, apical, septal, inferior, 
and posterolateral—were defined. Each complete 
series of thallium-201 images (early and late) was 
inspected blindly and independently by three 
experienced observers. The images were analysed 
visually with and without smoothing, and in the first 
instance without contrast adjustment. It was agreed 
beforehand that any left ventricular region in which 
thallium-201 activity was at any point less than 75% 
of the maximum pixel value in the myocardial image 
should be classified as abnormal. Any disagreements 
were resolved by combined viewing of the images; 
after discussion the final judgment of the radiologist 
(RPHW) was accepted. Myocardial to background 
ratios were calculated for each set of images from the 
early 45° left anterior oblique projection. The region 
showing the highest activity was compared with a 
background (that is, pulmonary) region that was 2 
cm directly above the superior cardiac border on the 
computer display. 


Coronary arteriography 
Coronary stenoses shown by selective arteriography 
were defined as being “important” when they pro- 
duced a 90% loss of cross sectional area (equivalent 
to a 67%, diameter loss) in a major artery. Lesions 
producing 50-89%, cross sectional area loss were 
defined as “minor” and of doubtful importance; and 
vessels with 0-49% loss were defined as “normal”. 
Statistical analysis was performed by Student’s 
paired 1 test. 


RESULTS 

In 80% of cases there was complete agreement be- 
tween observers. The results of thallium-201 imag- 
ing after dipyridamole-exercise stress or exercise 
alone are summarised in Table 1. Twenty eight pa- 
tients showed regional abnormalities on both occa- 
sions, whereas six showed abnormalities only after 


Table 1 Results of thallium-201 imaging after dipyridamole-exercise or exercise testing in 38 patients with coronary disease 
maeneene 





Result Dipyridamole-exercise Exercise 
Patients with abnormal scintigrams 34/38 (89%) 29/38 (76%) 
‘Total number of early defects 74 56 

Total number of late defects 20 28 
Percentage of defects showing redistribution 73 50 
Myocardial to background ratio (mean (SD)) 3-44 (0:57)* 2:99 (0-51)* 


*p<0-01, 


Dipyridamole-exercise thallium-201 imaging 





Fig. 1 Early thallium-201 images of three patients with coronary disease in whom dipyridamole-exercise 
imaging (left) showed abnormal regions whereas exercise imaging (right) did not. (a) Patient 1 (right 
coronary occlusion) : inferior defect shown in anterior projection. (b) Patient 2 (right coronary occlusion 
dominant vessel) inferior and septal defects in 45° left anterior oblique projection. (c) Patient 3 (left 
anterior descending stenosis) anterolateral defect in anterior projection. 
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Table 2 Changes in heart rate and electrocardiogram during exercsse testing (ath and without dipyridamole) m 38 patients 


with coronary disease 





Variable 


Maximum heart rate (beats per minute) (mean (SD)) 
Maximum ST segment depression (mm) (mean (SD)) 
Panents showing > 1 mm ST segment depression , 
Combined sensitivity of thalbum-201 and ECG 

*p <0 05 

ECG, electrocardiogram. 


dipyridamole-exercise stress and one only after ex- 
ercise stress (Fig. 1). Hence dipyridamole-exercise 
imaging had a sensitivity of 89% for detecting coro- 
nary disease and exercise imaging had a sensitivity of 
76%. Considerably more abnormal regions were de- 
tected in the early images of the whole group after 
dipyridamole-exercise testing than after exercise 
imaging, whereas fewer were present in the late im- 
ages; hence dipyridamole-exercise imaging was as- 
sociated with a greater degree of thallium-201 
redistribution than was exercise imaging. The visual 
quality of the thallium-201 images, as assessed 
quantitatively by their myocardial to background 
ratios, was significantly better after dipyridamole- 
exercise testing. 

The changes observed in hert rate and the elec- 
trocardiogram during the two exercise tests (with 
and without dipyridamole) are shown in Table 2. 
Although a significantly lower heart rate was 
achieved in the presence of dipyridamole, mean ST 
segment depression was the same as after exercise 
alone. Three patients who did not show ischaemic 
ST depression during exercise alone did so in the 
presence of dipyridamole, while in no patient did 
dipyridamole prevent the development of ST seg- 
ment depression. Hence the sensitivity of the exer- 
cise electrocardiogram for demonstrating coronary 
disease by ST segment depression was also 
increased—from 76% to 84%—by the addition of 
dipyridamole. 

When the results of thallium-201 stress imaging 
with dipyridamole were combined with the results 
of exercise electrocardiography the sensitivity was 
100%. The combination of exercise electro- 
cardiography and exercise .thallium-201 imaging 
gave a sensitivity of 95%. 

Two patients developed persistent angina with 
ST segment depression after dipyridamole alone 
and so did not proceed to the exercise phase. Both 
were given intravenous aminophylline, and’ both 
showed two regional abnormalities on early imaging 
with redistribution at four hours. Three other pa- 
tients experienced mild short lived angina without 
ST segment depression after dipyridamole and were 
able to proceed to the exercise phase. 


Specificity = 


Dipyridamole-exerciss Exercise 
119 (22)* 126 (23)* 
1:71 0) 17(10) 
32/38 (84%) 29/38 ha 
38/38 (100%) 36/38 (95% 


Section 2: determination of the sensitivity and 
specificity of dipyridamole-exercise 
thallium-201 imaging ; 


PATIENTS AND METHODS 
We added a further 49 patients who had undergone 
both dipyridamole-exercise imaging and coronary 
arteriography not more than six months apart to the 
38 patients described in section 1. Exercise electro- 
cardiography in these 49 patients had given a result 
which was either indeterminate or which had 
conflicted with the patient’s history. All these pa- 
tients met the first two selection criteria outlined in 
section 1 and had undergone dipyridamole-exercise 
imaging either to aid diagnosis or to evaluate the 
importance of minor coronary stenoses on angio- 
graphy. 

Thallium-201 images were analysed by two ex- 
perienced observers (PRW and RPHW) using the 
method described in section 1, 


Table 3 Results of dtpyridamole-exercise maging and 
coronary arteriography in 87 patients 





Coronary arteriograms 





or presumed (n = 57) 7. 50 
Coronary disease not 

demonstrated (n =25) 23 2 
Mar aod lesian present 3 2 

n 





True positives 
true positives + false negatives 


30 x 100'= 87% 


50+7 
Truen ves 
true negatives + false positives * 
23 — x 100 = = 92% 


Sensidvity 





x 100 





x 100 





Predictive accuracy of a positive result = 


Number of diseased patients with postuve result 
all patients with positive result 
= 2 x 100 = 92% 
Predictive accuracy of a negative result = 
Number of disease-free parents with a negative result 
all patents with a negative result 


23 o, 
= 3p * 100 = 76% 





100 





x 100 
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RESULTS 

The scintigraphic and angiographic findings are 
summarised in Table 3, with calculations of sensi- 
tivity, specificity, and predictive accuracy. Two pa- 
tients with no coronary disease had a false positive 
scintigram—one had severe mitral regurgitation and 
gross electrocardiographic abnormalities, while in 
the other patient, who was shown to have a mild 
dilated cardiomyopathy, no dipyridamole could be 
detected in the plasma; hence it may be assumed that 
standard exercise imaging would also have produced 
a positive result in this patient. The five patients 
with coronary lesions of doubtful importance were 
excluded from the calculations. 


Section 3: determination of optimal interval 
from dipyridamole to exercise 
testing—measurement of plasma 
concentrations 


Sixteen patients undergoing dipyridamole-exercise 
testing agreed to serial venous blood sampling via an 
indwelling cannula at the times shown in Fig. 2. In 
one patient no dipyridamole could be detected in 
any sample and his results were excluded. 

Mean dipyridamole concentration reached a peak 
60 minutes after ingestion, although values that were 
almost as high were measured at 40, 80, 100, and 120 
minutes after. At 300 minutes (when the redis- 
tribution images were being recorded) the mean 
concentration had fallen to 26% of the peak value. 

Individually, 11 patients showed evidence of 
rapid absorption, whereas in three patients absorp- 
tion was apparently much slower with peak values 
not being reached until after 120 minutes (Fig. 3). 


kag 
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0 100 


200 
Minutes after dipyridamole ingestion 


300 


Fig. 2 Rate of clearance of 300 mg dipyridamole m 15 
patients. Values are mean (SEM) 
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200 
Minutes after dipyridamole ingestion 


300 


Fig.3 Rate of clearance of dipyridamole in 11 early 
absorbers (@——@) and three late absorbers (Q---Q). 
Values are mean (SEM). 


One patient (not included in Fig. 3) apparently ab- 
sorbed very little dipyridamole, since his peak 
plasma concentration was only 0-69 ug per ml. 


Discussion 


RATIONALE OF DIPYRIDAMOLE-EXERCISE 
TESTING 
These studies have demonstrated that pharma- 
cological coronary vasodilatation with dipyridamole 
superimposed on exercise stress can result in an ab- 
normal scintigram in patients with false negative 
scintigrams after exercise alone. Two actions of 
dipyridamole may be responsible. Firstly, di- 
pyridamole is a potent coronary arterial dilatator 
that acts selectively on the coronary resistance 
bed.'4 When injected intravenously at maximal ex- 
ercise, dipyridamole produces an increase in coro- 
nary flow greater than that produced by exercise 
alone.'> Intravenous dipyridamole combined with 
isometric handgrip exercise produces a greater in- 
crease in coronary flow than does either type of in- 
tervention alone, with the levels of flow (3 3 times 
the baseline values) exceeding any previously re- 
ported for the human coronary circulation.!® Since 
dynamic exercise is associated with a greater in- 
crease in coronary flow than is isometric exercise!” it 
is probable that dipyridamole-exercise stress in- 
creases coronary flow to an equal or even greater 
degree than dipyridamole combined with isometric 
handgrip. 

The amount of thallium-201 entering myocardial 
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cells is determined not only by coronary flow but 
also by how much dipyridamole is extracted—that is 
the extraction fraction. ê When coronary flow is in- 
creased out of proportion to oxygen consumption, 
as occurs during dipyridamole induced vaso- 
dilatation,‘® !8 the extraction fraction falls. Dynamic 
exercise on the other hand increases oxygen con- 
sumption and hence thallium-201 extraction; how- 
ever, in regions in which myocardial ischaemia 
occurs the ability to extract thallium-201 is re- 
duced.'® In the present studies as in others!? +° 
dipyridamole infrequently caused myocardial is- 
chaemia; in contrast exercise consistently produced 
angina or ST segment depression or both. In theory 
the combined stress of dipyridamole and exercise 
should therefore maximise regional differences in 
thallium-201 distribution in patients with coronary 
disease by the differing effects of both interventions 
on the delivery and extraction of the radionuclide. 

A second property of dipyridamole 18 its un- 
disputed ability to produce myocardial ischaemia in 

. patients with coronary disease.19~?! Although pa- 
tients with easily induced myocardial ischaemia 
were excluded from the present study, two patients 
developed angina after dipyridamole which was 
severe enough to require reversal by aminophylline. 
Five other patients either experienced mild angina 
after dipyridamole or demonstrated evidence of is- 
chaemia considerably earlier in their exercise test. 
Two mechanisms may be responsible for the pro- 
duction of ischaemia: firstly, perfusion of the sub- 
endocardium may fall when flow across a stenosis of 
the nutrient artery is increased by, for example, 
vasodilatation.7? Secondly, dilatation of resistance 
vessels in well perfused regions may produce steal 
from regions which are dependent on a collateral 
circulation.” 34 There were 11 patients’'in whom 
dipyridamole undoubtedly produced myocardial is- 
chaemia or was essential for the production of an 
abnormal scintigram; four of seven in whom angio- 
graphy was performed were shown to have collateral 
dependent regions of viable myocardium. 

The extent to which each of these two properties 
of dipyridamole was responsible for the improved 
sensitivity of dipyridamole-exercise imaging is un- 
certain. If, as seems probable, thallium-201 uptake 
by the lungs is not significantly affected by di- 
pyridamole,?° then the increased myocardial to 
background ratio observed with dipyridamole- 
exercise testing, which was responsible for the im- 
proved visual quality of the images, may be pre- 
sumed to result primarily from increased myocardial 
blood flow. The finding that in four of the six pa- 
tients in whom only dipyridamole-exercise imaging 
was abnormal the myocardial to background ratio 
was not enhanced suggests, however, that the pro- 
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duction of ischaemia by dipyridamole must also play 
an important role. 


SENSITIVITY AND SPECIFICITY OF 
THALLIUM-201 IMAGING 
The overall sensitivity for coronary disease of 
dipyridamole-exercise scintigraphy (the true- 
positive rate) was 87%; this was 13% better than the 
sensitivity of the standard exercise imaging. Others 
have reported a sensitivity of between 67%!° and 
95% ° with exercise imaging and of between 67% '9 
and 93%?° with intravenous dipyridamole imaging. 
The overall sensitivity of exercise imaging was 82% 
in 1077 patients who had this test from 1976 to 
197976; however, these patients were unselected as 
regards disease severity, and many had previous 
myocardial infarction. Patient characteristics which 
tend to increase the sensitivity of thallium-201 imag- 
ing include previous myocardial infarction,?’ im- 
paired left ventricular function,’* severe coronary 
disease,? 7 and an ineffective collateral circulation?®; 
while the method of image interpretation (visual or 
quantitative) and the criteria used to define abnor- 
mality are also important determinants of sensi- 
tivity. In the present studies patients with previous 
infarction, poor left ventricular function, and severe 
coronary disease—the correlate of an early positive 
exercise test?°—were excluded; while the criterion 
for abnormality (that is a 225% deficiency of 
thallium-201 activity) was relatively strict and the 
method of interpretation was visual. Hence in a less 
carefully selected population and using a more 
refined method of interpretation an even higher sen- 
sitivity could no doubt have been achieved. It 
should be stressed, however, that any figure quoted 
for the sensitivity of a test is meaningful only when 
derived by studying the population in which the test 
will find clinical application—that is in symptomatic 
patients with conflicting or indeterminate exercise 
electrocardiograms.? * ¢ 

Dipyridamole-exercise imaging achieved a 
specificity (true-negative rate) of 92% in 25 patients 
without important coronary disease. False positive 
results, of which there were two, occurred only in 
patients with other cardiac lesions who were there- 
fore likely to show scintigraphic abnormalities.°° No 
patient with a normal heart had an abnormal scin- 
tigram. In the cumulative data referred to above*® 
the overall specificity of exercise thallium-201] imag- 
ing in symptamatic patients was 90%. In individual 
studies the estimates of specificity, which have 
ranged from 67%'* to 100%,° have often been 
based upon very small patient numbers. As with test 
sensitivity, patient selection is all important in the 
determination of specificity. The present study also 
shows that the inclusion of subjects who have other 
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important cardiac lesions in a population with no 
coronary disease reduces the specificity of the test 
being evaluated. Again, both the criteria by which 
normality is defined and the method of image inter- 
pretation will further influence specificity. When 
visual analysis has been used the criterion for an ab- 
normal region has been a reduction of between 
15%? and 50%*? of peak myocardial activity; while 
in many studies no criteria were defined. +? 1° Fran- 
cisco et al were able to improve their specificity of 
67% obtained with a computer enhanced visual or 
tomographic analysis to 96% by the use of a quan- 
titative tomographic method.!* In the present study 
the criterion for abnormality of a relative reduction 
in thallium-201 activity of at least 25% as assessed 
by computer assisted visual analysis was associated 
with an 80% inter-observer agreement and with 
high values for both sensitivity and specificity. This 
criterion is therefore recommended for the routine 
interpretation of dipyridamole-exercise images. 


IMPORTANCE OF THE BLECTROCARDIOGRAM 
Proper assessment of the result of a dipyridamole- 
exercise test should include analysis of both the 
scintigram and the exercise electrocardiogram.” 
Comparison of the electrocardiogram recorded dur- 
ing dipyridamole-exercise or exercise testing (sec- 
tion 1) showed that in the presence of dipyridamole 
an identical average amount of ischaemic ST seg- 
ment depression occurred but at a significantly 
lower maximal heart rate. In three patients is- 
chaemic ST depression was seen only in the pres- 
ence of dipyridamole, and this increased the 
sensitivity of the electrocardiogram from 76% to 
84%. Others have assessed the diagnostic value of 
electrocardiographic changes produced by the in- 
fusion of dipyridamole, and they obtained low 
values for sensitivity. arid specificity.?4 5? If in the 
present study, however, an abnormal dipyridamole- 
exercise test result is defined as either an ischaemic 
ST segment response or an abnormal scintigram the 
sensitivity in all 57 patients with coronary disease in 
section 2 rises from 87% to 96%, while the predic- 
tive accuracy of a negative result (that 1s no scin- 
tigraphic or electrocardiographic abnormality) 
increases from 76% to 92%. In those two patients 
with coronary disease in whom no electro- 
cardiographic or scintigraphic abnormalities were 
observed the maximal heart rate was less than the 
85% of predicted maximal rate required for a truly 
negative exercise test. Thus no patient with coro- 
nary disease could be said to have had a completely 
negative dipyridamole-exercise test. 


DIAGNOSTIC VALUE-OF REDISTRIBUTION 
Redistribution of thallium-201 into regions showing 
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defects in early images is due primarily to delayed 
washout of thallium-201 from ischaemic myo- 
cardium.*? The absence of redistribution four to six 
hours after injection is most often due to the pres- 
ence of a myocardial scar** but may be seen in an 
area of viable myocardium whose blood supply is 
severely compromused. In such instances redis- 
tribution may be delayed until 18-24 hours.?* Al- 
though in earlier studies the diagnostic value of 
redistribution was not emphasised data from these 
studies?’ did suggest that “reversible” defects, that 
is those associated with redistribution, may be more 
specific indicators of coronary disease than “‘irre- 
versible’”’ defects. In the present study redis- 
tribution was seen in a greater percentage of defects 
detected after dipyridamole-exercise testing than in 
those detected after exercise alone. Moreover, all 70 
reversible defects produced by dipyridamole- 
exercise testing were in patients with important 
coronary disease (predictive value = 100%), whereas 
three of 29 irreversible defects were in patients with 
no coronary disease (predictive value= 89%). Since 
the proper selection of patients for dipyridamole- 
exercise imaging excludes patients with previous 
myocardial infarction or easily induced ischaemia 
during exercise or both, a ‘defect’? seen after 
dipyridamole-exercise testing which shows no redis- 
tribution should thus be interpreted with caution. 

Only one patient had an abnormal scintigram on 
exercise testing but not on dipyridamole-exercise 
testing. This patient’s oxygen consumption and the 
severity of myocardial ischaemia, as judged by maxi- 
mal heart rate and ST segment depression recorded 
during exercise, were virtually identical on both oc- 
casions. Coronary arteriography showed a single 
90% stenosis of the mid-left anterior descending 
coronary artery and exercise imaging demonstrated 
(on one projection only) an inferior defect which at 
four hours showed no redistribution. Since there is a 
fairly precise correlation between the site of scin- 
tigraphic abnormalities and the location of coronary 
stenosis in patients with single vessel disease,?° both 
the location and the absence of redistribution cast 
some doubt on the importance of this defect. In con- 
trast in those four patients in whom only 
dipyridamole-exercise imaging was abnormal and in 
whom arteriography was performed, all defects were 
appropriately situated and demonstrated redis- 
tribution. 

The safety and low complication rate of this tech- 
nique, in which two potent stresses are being im- 
posed together on the myocardium, depend on 
careful patient selection—that is the exclusion of 
patients with easily induced myocardial ischaemia. 
There have been no serious complications in the 214 
patients who have undergone dipyridamole-exercise 
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thallium-201 imaging. Three per cent of patients 
had side effects of dipyridamole requiring reversal 
by aminophylline. These were prolonged angina 
(two patients), severe headache (two patients), and 
vomiting (one patient). In only three patients has the 
exercise phase not been possible. 

Patients with coronary disease who have myo- 
cardial ischaemia within the first stage of the Bruce 
protocol have severe disease and a relatively poor 
prognosis.*° 37 Unlike patients with symptoms sug- 
gestive of ischaemic heart disease but in whom the 
exercise electrocardiogram is negative or equivocal, 
diagnosis is not difficult in such patients and they do 
not require thallium-201 imaging. 

Dipyridamole-exercise testing appears to be bet- 
ter than standard exercise testing in terms of sensi- 
tivity and quality of thallium-201 imaging. In 
patients selected on the basis of an inconclusive 
exercise electrocardiogram the technique is safe, 
effective, and very simple. 


We thank the nuclear imaging and cardiology tech- 
nicians for their great contribution to this work, Dr 
D Davies of the University of Bath and Boehringer- 
Ingelheim for the dipyridamole assays and Professor 
K Lance Gould for his advice and encouragement. 
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Deaths from ischaemic heart disease in Belfast 
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SUMMARY ‘There were 1323 deaths due to ischaemic heart disease in Belfast from 20 July 1981 to 
19 July 1982. Some 496 (37%) of these were in persons aged <70 years. By World Health 
Organisation criteria 247 (19%) of these deaths were classified as definite myocardial infarction 
and 749 (57%) as possible myocardial infarction. Dyspnoea, collapse, and typical pain were the 
main symptoms at the onset of the fatal attack. In hospital only 12% of deaths in persons aged 
<70 years and 14% of those aged > 70 years were due to presumed primary rhythm disturbance, 
whereas outside hospital these proportions were 78% and 59°% respectively. The median survival 
time was 84 minutes and was shortest in men aged <70 years (62 minutes). Outside hospital a 
relative was the most likely aid sought initially (70%) and the median delay time from onset of 
symptoms to calling for medical aid was eight minutes. Among 128 witnessed deaths in persons 
aged <70 years occurring outside hospital due to presumed primary rhythm disturbance the 
median survival time was 8-25 minutes. 

Improvements in facilities available for resuscitation including public education could result in 


the prevention of a proportion of deaths caused by primary rhythm disturbances. 


The largest single cause of mortality in developed 
countries today is ischaemic heart disease. Many of 
these deaths occur very rapidly after the onset of a 
coronary attack and are due to ventricular 
fibrillation. 

We studied the circumstances of deaths from 
ischaemic heart disease by examining all deaths in 
residents of Belfast during a one year period. We 
investigated the various delays involved in initiating 
medical care in Belfast, which has two mobile coro- 
nary care units. Deaths in persons aged <70 years 
and in persons aged >70 years are described sepa- 
rately. Comparison with a study of deaths from 
ischaemic heart disease in Belfast in 1965-66 re- 
ported by McNeilly and Pemberton’ will be de- 
scribed elsewhere. 


Patients and methods 

POPULATION STUDIED 

Two Belfast hospitals, the Royal Victoria Hospital 
Requests for reprints to Dr W J Mcllwaine, c/o Department of 
Community Medicine, Institute of Clinical Science, Grosvenor 
Road, Belfast BT 12 6BJ, Northern Ireland. 


Present addresses “Waveney Hospital, Ballymena, County Antrim, Northern 
Ireland, and tOxford Regional Health Autbonty Univernty 
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and the Ulster Hospital, Dundonald, provide mobile 

coronary care units. Access. to the ordinary. 
emergency ambulance by the general public is by 

means of a 999 telephone call. If the ambulance con- 

troller suspects a heart attack the call is transferred 

to a mobile coronary care unit. The mobile coronary 

care unit also accepts calls from general practitioners 

and former patients to a special emergency tele- 

phone number. There are about 200 general prac- 

titioners, and some 30 practices use a deputising 

service at night and at weekends. 

‘ The population studied (355980) included all 

men and women of all ages resident in the city of 
Belfast and the adjacent local government district of 
Castlereagh. ‘This area is conterminous with the 

boundaries of three health and social services dis- 

tricts (North and West Belfast, South Belfast, and 

East Belfast and Castlereagh). We investigated all 

deaths occurring in residents of the study area dur- 

ing one year from 20 July 1981 to 19 July 1982 inclu- 

sive. 


ASCERTAINMENT OF DEATHS 

Several procedures were used before a death was ac- 
cepted as being due to ischaemic heart disease. The 
first and primary source of ascertainment was the 
death certificates filed at the General Register Office 
for Northern Ireland. All deaths attributed to Inter- 
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national Classification of Diseases 410-414 (Ninth 
Revision 1975) were presumed to be due to 
ischaemic heart disease. We also scrutinised all 
certificates relating to Belfast residents dying from 
any cause. Deaths that were thought probably or 
possibly to have been due to ischaemic heart disease 
were provisionally included. Then these presumed 
ischaemic heart disease deaths were verified by other 
sources including records from hospitals, necropsy 
reports, the Coroner’s Office, general practitioners, 
and ambulance services. In 302 instances necropsy 
reports were available. Thirdly, 775 home visits 
were made by a study doctor or social worker to the 
relatives of the deceased or an informant between 
three and eight weeks after the death. These inter- 
views took place in order to clarify the circumstances 
relating to fatalities outside hospital in particular 
and to other items. Eye witnesses of fatal attacks that 
began in the street and elsewhere also were inter- 
viewed. A panel of cardiologists from the Regional 
Medical Cardiology Centre, Royal Victoria Hospi- 
tal, assessed data relating to equivocal cases. The 
diagnostic criteria that were used for acute myo- 
cardial infarction were based on those set out by the 
World Health Organisation in 1981? but without the 
Minnesota coding of electrocardiographs. Survival 
times were measured from the onset of symptoms to 
the time of death. In accord with the World Health 
Organisation protocol onset was defined as the start 
of severe acute symptoms, excluding prodromal 
symptoms, with a maximum survival time of 28 
days. Survival times were known within +5% for 
715 deaths. Deaths from sudden collapse without 
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previous symptoms were assigned a survival time of 
four minutes unless cardiopulmonary resuscitation 
was carried out. The survival time could not be esti- 
mated to within +5% in 145 deaths, 265 deaths 
were unwitnessed, and in 152 the fatal attack had no 
specific onset. 

We used the x° test for statistical analysis. Permis- 
sion for the study was given by the medical ethical 
committee, and visits to relatives were made only 
with consent from the deceased person’s general 
practitioner. One family practice refused to par- 
ticipate, and seven relatives refused interview. 


Results 


Scrutiny of death certificates produced 1654 deaths 
which were possibly due to ischaemic heart disease. 
Assessment of clinical and other data relating to all 
deaths coded as 410-414 and the possible deaths co- 
ded by other International Classification of Diseases 
numbers excluded 331, leaving 1323 deaths for fur- 
ther investigation. 


DIAGNOSIS BY WORLD HEALTH 
ORGANISATION CRITERIA 

Some 56% of all deaths from ischaemic heart disease 
occurred in men aged between 35 and 95 years 
(mean 69 years). The other 44% were in women 
aged between 41 and 99 years (mean 76 years); 48% 
of the male deaths and 25% of the female deaths 
were in people aged <70 years (Table 1). In those 
aged <70 assessment by World Health Organisation 
criteria showed that 128 deaths (26%) were 














Table 1 Mortality from ischaemic heart disease over one year (1981-82) in Belfast 
Age group Population Numbers of deaths Mortality rates/1000 
Male Female Male Female Male Female 
<70 yr 156 621 165 026 351 145 22 09 
#70 yr 11502 22831 384 443 33 19 
All ages 168 123 187 857 735 588 44 31 
Table2 Main symptom at the onset of the fatal attack by age and sex 
Symptom Males Females 
<70 yr 270 yr <70 yr 270 yr 

Dyspnoea 35 Ga 90 (30) 31 (27) 123 (36) 
Collapse 93 (34 83 (28) 24 (21) 64 (18) 
Typical pamn* 88 (32) 72 (24) 40 (35) 63 (18) 
Atypical paint 23 (8) 19 (6) 6 (5) 21 (6) 

ther 36 (13 37 (12) 13 (12) 75 (22) 
Total 275 (100) 301 (100) 114 (100) 346 (100) 





Numbers in parentheses are percen 


tages. 
*In¢gluding chest, arm, and neck pain but excluding mild pain in any mte. 
tIncluding epigastric and back pain and muld chest, arm, and neck pain, 
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classified as definite myocardial infarction, 306 
(62%) as possible myocardial infarction, and in 62 
(12%) there was insufficient’ evidence for 
classification. In those aged 70 years and above the 
numbers were 119 (14%), 443 (54%), and 265 
(32%) respectively. 


MAIN SYMPTOM AT ONSET 

We ascertained the main symptom at the onset of the 
fatal attack in relation to 1036 deaths. We excluded 
287 deaths (107 in persons aged <70 years). The 
reason for most exclusions was because the fatal at- 
tack was unwitnessed. For the 275 men aged <70 
years sudden collapse without prior warning was the 
most common main symptom and occurred in 93 
(34%) (Table 2). Typical cardiac pain was almost as 
common (88 cases (32%)). The distribution of 
symptoms in females aged <70 years was 
significantly different from that in men aged <70 
years (y7=15-76, p<0-01). The most common 
symptom was typical pain (40 (35%) of 114), with 
dyspnoea in 31 (27%) and collapse in 24 (21%). The 
distribution of symptoms in men aged 270 years 
was significantly different from that in younger men 


Table 3 Mode of dying inside and outside hospital by age 


Mods of dying Innde hospital 
<70 yr >70 yr 
Heart failure 
and shock 139 (76) 261 (71) 
Presumed primary 
+ rhythm. disturbance 21 (12) 53 (14) 
Other . 20* (11) 37001) 
Unknown 1(1) 14 (4) 
Total 181 (100) 365 (100) 


Numbers un parentheses are percenta 


McIlwaine, Donnelly, Mallaghan, Chivers, Evans, Elwood, Adgey, Campbell, Geddes 


(x? =25-64, p<0-001). Dyspnoea was the most com- 
mon main symptom (90 (30%) of 301 persons), with 
collapse in 83 (28%) and typical pain in 72 (24%). 
Dyspnoea was the most common symptom in 
females aged >70 years, occurring in 123 (36%) of 
346. Other non-specific symptoms were common 
(75 cases (22%)). This distribution was significantly 
different fram that in women aged <70 years 
(x? = 17-81, p<0-01) and from that in men aged >70 
years (y7= 18-12, p<0-01). 


MODE OF DYING 

Deaths from ischaemic heart disease were due 
mainly to pump failure or a presumed primary 
rhythm disturbance, of which the most frequent 
is known to be ventricular fibrillation (Table 3). 
People who collapsed suddenly were judged to have 
died from a primary rhythm disturbance as were 
those who were found dead (often in bed), unless 
there was some evidence of distress before death. 
Thirteen cases were found to have ventricular rup- 
ture at necropsy and we have included these in the 
“other” category. Also included in this category are 
those who collapsed in cardiac arrest without pre- 


ges 
*Includmg 1 death due to pulmonary embolism and 5 due to arterial embolism 
tinchiding 3 deaths due to pulmonary emboham and 6 due to arterial embolism. 


Table 4 Survrval times by age and sex 


Tune Males 
<70 yr >70 yr 
0-4 min 34 (16) 52 (24) 
5-14 min 29 (15) 23 (11) 
15-29 min 12 (6) 13 (6) 
30-59 min 27 (13) 12 (6) 
Total <1 hr 102 (50 100 (4 
1-<6 br 35 (1 21 (11 
6—-<24 br 11 (5) 27 (12 
1-<7 days 34 £9) 38 (18 
7-28 days 24 (12 27 (12 
Total 206 gy 213 gy 
Not known accurately* 126 (38 159 (43) 
Total 332 (100) 372 (100) 
Median times (mun) 62 


Numbers in parentheses are percenta 


Outside hospital 
<70 yr >70 yr 
34 (12) 110 (26) 
229 (78) 259 (59) 
11 (4) 6 (1) 
18 (6) 64 (14) 
292 (100) 439 (100) 
Females Both sexes 
<70 yr >70 yr 
12 (14) 42 w 140 (19) 
14 (16) 23 a 89 (13 
6 13 (6) 44 3 
9 (10) 14 (7) 62 (9 
41 (47) 92 335 lin 
8 (9) 14 (6) 78 (11 
12 (14 25 (12) 75 (10 
12 i 43 Se 127 us 
14 (16 35 (1 100 (14. 
87 (100) 223 5a). 715 (100) 
54 (38) 223 (52) mi ) 
141 (100) 432 (100) 1277 100) 


ges. 
*Includes 265 unwitnessed, 152 with no specific onset of the attack, and 145 deaths known with accuracy greater than 45%. 
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vious pump failure in whom a satisfactory electro- 
cardiogram rhythm was continuously present or was 
established by immediate efficient resuscitation, but 
without any concomitant cardiac output. Data re- 
lating to the mode of dying were obtained for the 
1277 deaths whose fatal attack occurred within the 
study area. A total of 546 occurred inside hospital 
and 731 outside hospital. Only 74 deaths (13-5%) 
were due to presumed primary rhythm disturbance 
and 400 (73%) were due to pump failure in the in- 
side hospital group. The distribution was reversed 
in persons dying outside hospital where 488 deaths 
(67%) were judged to be due to presumed primary 
rhythm disturbance and 144 (20%) to pump failure 
(x? =476-54, p<0-001). This difference in the mode 
of dying was significant in those aged <70 years 
(x? =241-88, p<0-001) and in those aged >70 years 
(x? = 247-15, p<0-001). 


SURVIVAL TIME 

Seven per cent (34 of 473) of those aged <70 years 
and 15% (118 of 804) of those aged >70 had no 
specific onset of symptoms. In a further 410 cases 
(146 aged <70 years) the survival time was not 
known with sufficient accuracy (that is +5%) and 
these were excluded from the analysis of survival 
times (Table 4). Some 140 persons (19%) survived 
for up to four minutes only. For all persons the me- 
dian survival time from the onset of symptoms to 
death was 84 minutes. It was nearly twice as long 
(121 minutes) in those 270 compared with those 
<70 years of age (65 minutes). y? analysis of the 
time intervals showed that the distribution of sur- 
vival times was not significantly different in men and 
women in both age groups or in women aged <70 
years and those aged 270 years, but it was 


Table5 Median delay times for requesting medical care 
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significantly different in men aged <70 years and 
those aged >70 years (y?=20-79, p<0-01). 


AID REQUESTED AND ASSOCIATED DELAYS 
Most attacks began at home—335 (71%) in those 
aged <70 years and 538 (67%) in those aged >70 
years among the 1277 deaths occurring inside the 
study area. 

For the age group <70 years the attack began in 
the street in 36 (8%), at work in 23 (5%), at a place 
of public entertainment in 11 (2%), in hospital for 
non-cardiac reasons in 57 (12%), or in other places 
in 11 (2%). For the age group 270 years the onset 
was in the street for 32 (4%), at work in one, in 
places of public entertainment in three, in general 
practitioners’ surgeries in two; a large number (215 
(16%)) were already in hospital, mainly in geriatric 
wards; and 69 (9%) were in nursing homes or old 
people’s homes. The distribution of deaths by place 
of onset is not quite the same as the distribution of 
deaths by place of death. Some 230 (79%) of the 292 
deaths outside hospital that occurred in persons 
aged <70 years and 361 (82%) of the 439 deaths in 
persons aged > 70 years took place at home. Consid- 
ering all ages there were 42 deaths in the street, 18 at 
work, 18 in places of public entertainment, four in 
general practitioners’ surgeries, and 55 in nursing 
and old people’s homes. The respective figures for 
the age group <70 years are 20, 17, nine, one, and 
six deaths. There were 13 deaths during transit to 
hospital, nine occurring in persons aged <70 years. 

Some form of aid was sought by 809 (77%) per- 
sons out of the 1062 persons with onset of attack 
outside hospital and within the study area. In 564 
(70%) cases a relative was summoned first, a lay per- 
son in 124 (15%), and another person, usually a 








Delay time <70 yr 270 yr 
No of parsons Time (mun) No of persons Tune (min) 

Onset of fatal attack to call 

for first (lay? aid 253 11 306 11 
Call for first aid to call for 

medical aid 258 5 283 5 
Onset to call for medical aid 228 10 229 8 
Onset to call for MCCU 107 15 62 15 
Onset to call for OA 120 7 132 21 
Cali for GP to arrıval of GP 70 15 157 30 
Call for DD to arrrval of DD 24 21 54 20 
Call for MCCU to arrival 

of MCCU 116 10 73 10 
Call for OA to arrival of OA 144 8 211 11 
Onset of faral attack to arrival 

of MCCU or hospital 

ward/CCU care 105 90 102 195 
MCCU, mobile co care unit; GP, general practitioner; OA, ordinary ambulance, DD, deputising doctor; CCU, coronary care unit. 
Dina in hon at onset of fatal attack are excluded. dep s i , 
Data presented for delay thmes known with accuracy of +5% 
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neighbour or staff at a nursing or old people’s home 
in 97 (12%). The remaining 24 (3%) sought medical 
aid themselves. Medical aid was sought for 297 
(72%) of those aged <70 years. The aid requested 
was the ordinary ambulance for 87 (29%), the gen- 
eral practitioner for 86 (29%), the mobile coronary 
care unit for 77 (26%), the deputising doctor for 27 
(9%); nine (3% ) came direct to hospital accident and 
emergency departments, and 11 (4%) sought other 
forms of medical aid. For persons aged >70 years 
214 (51%) requested their general practitioner, 82 
(20%) the ordinary ambulance, 64 (15%) a depu- 
tising doctor, 48 (11%) the mobile coronary care 
unit, five came direct to hospital accident and 
emergency departments, and four sought other 
medical aid. 

Table 5 summarises the median delay times where 
they were known within an accuracy of +5%. Both 
the median delay time in calling for first (lay) aid (1 
minute) and the delay in calling for medical aid (10 
minutes in those aged <70 years and eight minutes 
in those aged > 70 years) are very short. The median 
delay times for the arrival of medical aid are also 
very short, varying from eight minutes for the ordi- 
nary ambulance in the case of younger people to 30 


minutes for the general practitioner in the case of ` 


older people. 


WITNESSED DEATHS DUE TO PRESUMED 
PRIMARY RHYTHM DISTURBANCE OUTSIDE 
HOSPITAL 

We identified a subgroup of 128 deaths that oc- 
curred outside hospital in those aged <70 years 


Total number Total number 





Criterion included excluded Criterion 
Total 

Inside hospital 
Outside 

Age >70yr 
Age «70yr 

Unwinessed 
Witnessed 

Witness aged 65+ yr 
Fit witness aged 
13-64yr Mode of dying not 

rhythm panne 
rhythm disturbance 


Figure Ascertatnment of the number of potentially 
preventable deaths. i 
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where death was witnessed by a person aged 13—64 
years and was due to presumed primary rhythm dis- 
turbance (Figure). There were 97 males (76%) and 
31 females. Some 18 (14%) had definite myocardial 
infarction, 92 (72%) had possible myocardial in- 
farction, and 18 (14%) had insufficient evidence to 
make a classification. Only 61 (49%) had known pre- 
vious ischaemic heart disease, 14 (11%) had possible 
previous ischaemic heart disease (not diagnosed) or 
very recent angina, and 53 (41%) had no previous 
history. The majority (80 (62%)) presented with 
sudden collapse andthe median survival time was 
8-25 minutes. A mobile coronary care unit attended 
54 persons (42%) either as the first medical aid (40) 
or as back up to other services (14). Cardio- 
pulmonary resuscitation had been initiated by by- 
standers in 55 cases (43%) but was apparently 
efficient in nine cases only. The majority (73 (57%)) 
had no cardiopulmonary resuscitation carried out 
before the arrival of medical aid although nearly all 
cases had already collapsed (115 (96%)) of 120 cases 
where medical aid was sought). 


Discussion 


The present study of deaths in Belfast illustrates the 
difficulties of providing appropriate medical care be- 
cause of the circumstances surrounding fatal attacks 
of ischaemic heart disease. The median survival time 
was only 84 minutes and was shorter (65 minutes) in 
persons aged <70 years. The great majority (83%) 
of fatal attacks began outside hospital and of these 
82% began in the person’s home. A relative was 
therefore the most likely (70%) first source of aid. 
Although 67% of deaths outside hospital were due 
to a presumed primary rhythm disturbance, and 
were potentially treatable, many persons had no 
symptoms before collapse or death to alert their rela- 
tives, The classic symptom of severe crushing cen- 
tral chest pain radiating to the arms or neck occurred 
only in 33% of persons aged <70 years and 21% of 
those aged >70 years. Sudden collapse without 
warning was the most common (34%) presenting 
symptom in men aged <70 years. Once relatives or 
witnesses were alerted to the person’s attack, the de- 
lay in calling for medical aid was very short, a me- 
dian time of five minutes, and the delay times in 
medical aid arriving were also very short (median 
times ranging from eight minutes to 30 minutes). 
We identified a subgroup of 128 deaths occurring 
outside hospital in persons aged <70 years in which 
death was witnessed and was due to a presumed pri- 
mary rhythm disturbance. They represent 26% of 
all deaths in this age group. Sudden collapse was the 
most common presentation (62% ).‘Wennerblom re- 
ported that 52% of witnessed deaths due to is- 
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chaemic heart disease occurring outside hospital in 
persons aged <75 years in Gothenburg presented 
with cardiac arrest.? Some 53% of men and 49% of 
women aged <65 years whose death was witnessed 
outside hospital in Helsinki presented with cardiac 
arrest.* Liberthson etal, reporting on sudden car- 
diac deaths outside hospital, stated that 50% died 
instantly and a further 25% died within 30 
minutes.* The median survival time among the 128 
deaths we identified was only 8-25 minutes and 70% 
died within 30 minutes. It is unlikely that any sys- 
tem of medical care which does not provide resusci- 
tation services outside hospital can reduce mortality 
in this group which includes many preventable 
deaths. 

During the study period eight persons aged <70 
years were successfully resuscitated from out of hos- 
pital cardiac arrèst present before a mobile coronary 
care unit had arrived and they survived for at least 
one year. Possible strategies for dealing more 
effectively with this problem include training the 
adult population in the technique of cardio- 
pulmonary resuscitation to enable some of those de- 
veloping ventricular fibrillation at the onset of their 
attack to survive until the arrival of a medical team 
with a defibrillator. Since, however, it is common 
experience in the hospital coronary care unit that 
extremely rapid defibrillation improves survival, the 
provision of suitable defibrillators to selected mem- 


bers of the public, for example to relatives of persons . 


known to be at risk, should be considered. In our 
subgroup about half of these persons could have 
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been identified because they had known ischaemic 
heart disease. Since a substantial number of persons 
are attended by general practitioners, deputising 
doctors, and ordinary ambulance staff, these groups 
should be equipped with defibrillators and trained in 
their use. 
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Continuous ambulatory pulmonary artery pressure 
monitoring 

A new method using a transducer tipped catheter and a 
simple recording system 
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SUMMARY A transducer tipped catheter and simple recording system were used for the con- 
tinuous measurement of ambulatory pulmonary artery pressure. The pulmonary artery pressure 
was recorded on a miniaturised tape recorder and replayed via an optical writer. Pulmonary 
arterial systolic and diastolic pressures can be analysed on a beat to beat basis. Continuous 
ambulatory monitoring was performed for a total 288 hours in 13 patients who were undergoing 
routine investigation for coronary artery disease. There was less than 1% zero drift and 0:25% 
linearity error per full scale pressure. The frequency response of the entire system was flat to 8 Hz 
with a linear phase delay. The transducer tipped catheter and a conventional fluid-filled system 
were used to measure left ventricular and pulmonary artery end diastolic pressures in eight 
patients. The correlation between the results obtained by the two methods was excellent. This 
method could be used at any centre equipped for ambulatory electrocardiographic monitoring. 


‘The measurement of pulmonary artery end diastolic 
pressure provides an accurate assessment of left ven- 
tricular end diastolic pressure in the absence of pul- 
monary vascular disease and mitral stenosis.!~? 
Until recently recording of pulmonary hae- 
modynamics in man using fluid filled systems was 
restricted because the equipment was not por- 
table.1+5 Lately, ambulatory pulmonary artery 
pressure monitoring with fluid filled and transducer 
tipped catheters in unrestricted subjects has been 
described. A miniaturised tape recorder was used 
with the fluid filled catheter and a solid state system 
was used with the transducer tipped catheter. Data 
analysis was computerised in both studies.°7 

Fluid filled catheters have many drawbacks, such 
as difficulty with the localisation of the zero refer- 
ence point, the requirement for anticoagulation, and 
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the need to use filtering for data retrieval.’ In the 
previous study in which a transducer tipped catheter 
was used pressure results were avaraged every thirty 
seconds.” 

We describe a simple method for continuous 
ambulatory pulmonary artery pressure monitoring 
by means of a transducer tipped catheter and widely 
available ambulatory monitoring recording equip- 
ment. 


Patients and methods 


PATIENTS 

Thirteen patients (12 male and one female, mean age 
52:5 (range 33~70) years) with clinical and electro- 
cardiographic evidence of coronary artery disease 
were studied while undergoing routine cardiac cath- 
eterisation. In eight patients we simultaneously 
recorded measurements from transducer tipped and 
fluid filled catheters. The study was approved by the 
ethics committee and patients gave their informed 
and written consent. 
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CATHETER SYSTEM 

We used a polyurethane 6 French NIH type catheter 
(Gaeltec) with a miniature strain gauge transducer 
(10 mm long and 2 mm in diameter) mounted on the 
up. The sterile catheter was immersed in saline for 
at least one hour to stabilise the silicone elastomer 
covering the transducer. 

The catheter was placed in a moist sterile cali- 
bration tube. The zero potentiometer on the control 
box was adjusted to an output of zero mV. The gain 
potentiometer was adjusted to an output of 40 mV 
for a pressure of 80 mm Hg. It was necessary to 
calibrate each transducer before use because the sen- 
sitivity of catheters varied by 5%. The outputs at 
different pressures were measured on a digital volt- 
meter and recorded on the Oxford Medilog I tape 
recorder. Simultaneous recordings were obtained on 
an oscilloscope and dry silver paper via a Hewlett 
Packard bioelectric amplifier in the catheter labora- 
tory. 


IN VIVO VALIDATION 

The catheter was introduced percutaneously via the 
right subclavian vein to a proximal pulmonary artery 
under fluoroscopy. A conventional fluid filled cath- 
eter (7 Cournand) was introduced via the right fem- 
oral vein and passed into the pulmonary artery in a 
comparable position. An 8 French pigtail catheter 
was introduced via the right femoral artery to pro- 
vide simultaneous recordings of transducer tipped 
pulmonary artery pressure, fluid filled pulmonary 


artery pressure, and left ventricular end diastolic - 


pressure. Changes on deep inspiration, expiration, 
and during a Valsalva manoeuvre were recorded. 
After routine coronary angiography the femoral 
catheters were removed. A 24 h ambulatory record- 
ing of the pulmonary arterial waveform, frequency 
modulated electrocardiogram (leads CM2 and 
CM5), and amplitude modulated electrocardiogram 
(lead CM5) was obtained. After 24 h the pulmonary 
artery line was removed and zero drift was measured 
on the digital volt meter. The catheter was then 
recalibrated after blood had been washed off the 
silicone membrane covering the transducer. 


RECORDING 

The transducer was dnven and demodulated by an 
electrically isolated Gaeltec preamplifier. The pul- 
monary artery pressure was recorded on an Oxford 
Medilog I multichannel miniature tape recorder 
which was modified by the insertion of an AM4 
pressure module. The modulation was adjusted to a 


maximum applied pressure of 80 mm Hg--Higher . 


pressures could be recorded but because errors of 
measurement are quoted on a % full scale basis, the 
lower the full scale maximum, the more accurate the 
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recording. Up to 25 h of pulmonary artery pressure 
could be recorded at 2 mm/s on C120 cassettes. An 
amplitude modulated electrocardiogram can be 
recorded via this box. 


FREQUENCY MODULATED 
ELECTROCARDIOGRAM 

Faithful recordings of ST segments were obtained 
by means of a frequency modulated Oxford Medilog 
II recording and playback system (frequency 
response 0 05-40 Hz —3dB down). Two pairs of 
bipolar electrodes were applied precordially to 
record leads CM2 and CM5 and a 24 h two channel 
ambulatory recording of the electrocardiogram was 
obtained. An event marker was linked to both the 
frequency modulated electrocardiogram and pul- 
monary artery trace. The system therefore permit- 
ted synchronous ambulatory recording of both 
pulmonary artery pressure and the frequency modu- 
lated electrocardiogram. 


PLAYBACK 

The tapes were played at 60 nmes recorded time. 
The pulmonary artery pressure was demodulated by 
an Oxford Instruments PM3 unit and the amplitude 
modulated electrocardiogram was played via a PD2 
direct replay amplifier. Both were played via a PB2 
playback unit on to a multichannel ultraviolet opti- 
cal writer. The frequency modulated electro- 
cardiogram was demodulated via a PB4 unit on to 
the optical writer and was also played on an Oxford 
Medilog IT MA20 scanner. 


OPTICAL WRITER 
An ultraviolet SE Laboratories 6008 oscillograph 
was used. This has a variable playback speed of 25 


Se a ae 
A af ed 


Fig. 1 Simultaneous sine wave and differentiated square 
wave recordings. Top, sine wave; meddle, square wave; 
bottom, differentiated square wave. The relation of the 
differentiated square wave to a given point in the sine wave 
was measured at different frequencies to assess phase delay 
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mm per minute to 4000 mm per second. The gal- 
vanometers have a frequency response up to 1 KHz. 
A speed of 1500 mm per second represents a real 
time recorded speed of 25 mm per second that of a 
standard electrocardiogram. The pulmonary artery 
pressure and amplitude modulated electro- 
cardiogram were replayed simultaneously. Event 
marks on the pulmonary artery trace and the fre- 
quency modulated electrocardiogram were used to 
line up the recordings. 


FREQUENCY RESPONSE OF THE MEASURING 
SYSTEM 

The recording system can be separated into four 
components: (a) catheter and preamplifier; (b) 
Oxford Medilog AM4 recording system; (c) Oxford 
Medilog PB2 playback system; (d) display/writeout 
system. 


Catheter and preamplifier (direct recording ) 

The frequency response of the catheter and 
preamplifier was measured by a “pop” test.? The 
catheter was enclosed in a rigid container with an 
opening for a three way tap. This was connected to a 
syringe which had a small hole ın it. The system was 
put under pressure, either by pushing or pulling the 
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syringe, with the hole occluded. When the occlusion 
was removed, a step pressure was applied. Its 
response was estimated by the degree of overshoot 
(ringing) of the recorded pressure and the frequency 
of oscillation of the ringing. 


Recording and playback systems 

Amplitude response was measured by the standard 
method of applying sine waves of constant ampli- 
tude but varying frequencies to the system and mea- 
suring the output amplitude. 

Phase response refers to the phase angle of the out- 
put signal after it has passed though the system in 
relation to the input signal. If a 1 Hz signal is 
delayed by 0-1 seconds, it has suffered a phase shift 
(delay) of 36 degrees (1/10 of cycle). Similarly, ifa5 
Hz signal is delayed by 0-1 second it has a phase 
delay of 180 degrees, because 0-1 second is half of 
the cycle length of 0-2 seconds. In general the delay 
(d) is related to the phase (p) (where (p) is a function 
of the frequency (f)) by the equation of 
p=dxfx 350 degrees. In order to represent faith- 
fully a signal, certain frequency components must 
not be delayed with respect to others because this 
will lead to signal distortion. ° Therefore, the delay 
(d) must remain constant. If (d) is a constant, then 


AMPLITUDE 

OdB 300ms 
—5dB 250me 
—10dB 200ms 
—15dB PHASE DE 150ms 
—20dB 100ma 

—25dB 50msa 

0 4 8 12 
; Frequency (Hz) 


Fig.2 Amplitude response (dB) and phase delay (ms) with increasing frequency. 
The amplitude response was flat to 8 Hz with a linear phase response over the same 


Frequency range. 
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the phase delay (p) must be a linear function of fre- 
quency (f) and therefore p/f=constant. Mea- 
surement of phase response is difficult because a ref- 
erence to the original phase of the signal must be 
preserved for comparison with the condition signal. 
A new method was used to measure the phase 
response of the recording and playback systems. A 
sine wave of varying frequency was recorded as the 
pressure channel | (Fig. 1). A simultaneous phase- 
locked synchronised square wave was electronically 
differentiated (time constant 5 ms), attenuated, and 
then recorded as a series of positive and negative 
spikes on channel 2 (the electrocardiogram channel). 
These spikes were identical in shape at all input fre- 
quencies and were thus recorded identically, giving 
a time reference for the phase delay measurements. 


Display/writeout system 

In practice the display/writeout system will only 
impose frequency response limitations if a hot pen 
recorder is used. In the present study all recordings 
were made on an SE Laboratories ultraviolet 
recorder, which has a frequency response far in 
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excess (>1 kHz) of that required for pulmonary 
artery pressure monitoring. 

Fourier analysis—-Signals were displayed and 
averaged on a Gould 1425 digital storage oscil- 
loscope. The oscilloscope had an eight bit accuracy 
which is equivalent to —50 dB. Data were analysed 
off line on a Hewlett Packard 150B microcomputer 
and a customised fast Fourier transform (FFT) pro- 
gramme, Data were obtained (a) directly from the 
Gaeltec preamplifier; (6) from a fluid filled pul- 
monary artery catheter system; and (c) from the 
recordings played via the replay unit. Waveform 
configuration and harmonic content were analysed 
from each source at varying heart rates. 


STATISTICS 
Wilcoxon’s rank sum test was used for statistical 
analysis. 


Results 


EVALUATION OF THE CATHETER 
RECORDING-PLAYBACK SYSTEM 
When the catheter pop test was applied to the Gael- 


600 


time (ma) 


Fig. 3 Simultaneous recordings of transducer tipped and fluid filled pulmonary artery pressure waveform 
at a constant heart rate of 90 beats per minute. The direct recording 1s the pressure from the trandsucer 
tipped catheter and Gaeltec preamplifier. Pressure 1s expressed as a percentage of the maximum transducer 


upped pulmonary artery pressure. 
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tec catheter and preamplifier the overshoot was less 
than 2% of the applied pressure and the resonant 
frequency of the system was 285 Hz. Thus there is 
little or no effect on the frequency response of the 
overall system due to losses in this element. 

The amplitude response of the entire system was 
flat to 8 Hz. The phase response was linear over the 
same frequency range (Fig. 2). The phase delay at 8 
Hz differed from that at 1 Hz by less than 30 ms. 
Hence, phase distortion was insignificant up to 8 Hz. 

Simultaneous recording of direct transducer 
tipped and fluid filled pulmonary artery pressure 
showed no difference in the end diastolic pressures, 
but fluid filled systolic pressure is 25% less than the 
Gaeltec systolic pressure and the fluid filled curve is 
shifted to the right, the recording being delayed by 
the presence of connecting tubing (Fig. 3). 

Fast Fourier transform—The power spectra from 
direct recordings of transducer tipped and fluid 
filled catheters were compared together with the 
amplitude modulated recording (Fig. 4). These were 
obtained at a constant heart rate of 90 beats per 
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minute. At low frequencies, in the physiological 
range, the fluid filled system attenuates the ampli- 
tude of the frequency content and this affects even 
the first harmonic. Absolute power is expressed in 
decibels where 0 dB is equivalent to 1 mm Hg, 20 dB 
to 10 mm Hg, and 40 dB to 100 mm Hg. Flattening 
out of the curve occurs at —30 dB. Within the phys- 
iological range the power spectrum of the transducer 
tipped catheter pressure waveform on the Oxford 
recorder did not differ greatly from the direct 
recording. Measurements of harmonic power were 
obtained at different heart rates. At 70 beats per 
minute 90% of the harmonic power is expressed 
below 8 Hz, at 90 beats per minute this is reduced to 
80%, and at 150 beats per minute it is 70%. Wave- 
form distortion will increase with increasing heart 
rate, but this is more intense in higher frequencies 
and therefore systolic rather than diastolic pressures 
are distorted. At 150 beats per minute there was a 
slight increase in higher frequency components. 

Signal/notse ratio—The recorded noise level was 
less than —50 dB assessed by amplitude. 





16 20 24 28 32 


Frequency (Hz) 


Fig. 4 Fast Fourier transform analysis of dtrect recordings of pulmonary artery pressure by the transducer 
tipped and fluid filled catheters together with recordings on the Oxford Medilog system. Absolute power is 
expressed in decibels. (0 dB =1 mm Hg, 20 dB =10 mm Hg, 40 dB = 100 mm Hg). These recordings were 
obtatned at a constant heart rate of 90 beats per minute. At low frequencies, m the physiological range, the 
Shad filled system attenuates the amplitude of the frequency content, and this affects even the first harmontc. 
The power spectrum of the transducer tipped pulmonary artery pressure waveform on the Oxford recorder 
did not differ greatly from the direct recording within the physiological range. 
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Fig. 5 Left ventricular end diastolic pressure recorded by a fhad filled catheter and pulmonary artery 
pressure by transducer tipped catheter. Recordings were obtamed in the catheter laboratory (paper speed 50 


mm|s). 


CATHETER SPECIFICATION 

The temperature coefficient of sensitivity was 0-2% 
per degree centigrade and the temperature 
coefficient of zero stability was 0-03%/full 
scale/degree centigrade. The sensitivity of the cath- 
eter was 5 uV/V/mm Hg and linearity was +0-25% 
full scale. A zero drift of <1%/full scale/24 h was 
achieved after improvements to the elastomer 
covering the transducer. 


CLINICAL EVALUATION 
A total of 288 hours of ambulatory pulmonary artery 
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Fig.6 Compressed pulmonary artery trace obtained to 
show the effects of respiration on the recording. Inspiration 
reduces and expiration increases the pulmonary artery 
pressure. This reflects changes tn the pleural space. 


pressure and electrocardiographic recording was 
obtained in 13 patients with two catheters. The min- 
imum pulmonary artery diastolic pressure was 2 mm 
Hg and the maximum systolic pressure was 80 mm 
Hg. Simultaneous measurements of fluid filled and 
transducer tipped pulmonary artery presure as well 
as fluid filled ventricular end diastolic pressure were 
recorded in eight patients. Fluid filled pulmonary 
artery systolic pressure (mean (SD) 25-9 (7-9) mm 
Hg) was similar to transducer tipped systolic pres- 
sure (mean (SD) 27-8 (11:2) mm Hg). Fluid filled 
pulmonary artery diastolic pressure (mean (SD) 10-0 
(4-8) mm Hg) was similar to transducer tipped 
diastolic pressure (mean (SD) 11:2 (4:6) mm Hg) 
and post “a” left ventricular end diastolic pressure 
(mean (SD) 10-9 (4-8) mm Hg). Transducer tipped 
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Fig. 7 The effects of a Valsalva manoeuvre on transducer 
upped pulmonary artery pressure. 


342 
mm Hg 


po toa 


0 
Fig.8 The recorded pulmonary artery pressure waveform 
played on to the optical writer 


pulmonary artery diastolic pressure correlated well 
(r= +0-99, p<0-001) with left ventricular end 
diastolic pressure (Fig. 5). 

Figure 6 shows the effect of respiration and Fig. 7 
the effect of the Valsalva manoeuvre on pulmonary 
artery pressure. 

The pulmonary artery waveform played via the 
optical writer (Fig. 8) shows good preservation of 
the waveform when compared with Fig. 4. All 
recordings were obtained without the additional use 
of filters. During exercise ın a 33 year old man with 
three vessel coronary artery disease there was a sub- 
stantial rise in both the systolic and diastolic pul- 
monary artery pressures (Fig. 9). 


Discussion 


Pulmonary haemodynamics in man were first stud- 
ied by Cournand and Ranges who modified Forss- 


mann’s original techniques of venous cath- 
eterisation.!!!* Recordings were limited to only a 
mm Hg 
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Fig.9 The effects of exercise on pulmonary artery pressure 
recorded from a 33 year old man with three vessel coronary 
artery disease. During exercise there was a rise in the 
pulmonary artery systolic and diastolic pressures which 
returned to basal levels when exercise stopped. A, start of 
exercise, A, end of exercise (8 minutes); @, patient pressed 
event marker for chest pain. 
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few minutes. Prolonged bedside monitoring was 
possible after catheter modifications,!3~'5 but the 
equipment was not portable.! ** Problems with the 
zero reference point when fluid filled catheters are 
used have been overcome to some extent by placing 
the transducer at the level of the catheter tip.” For 
ambulatory use fluid filled catheters require a 
transducer-perfusion unit connected to tubing and 
anticoagulation with heparin. A change in posture 
from lying to standing altered the zero reference 
point for fluid filled catheters by about 4 mm.®!® 
Substandard recordings (20%) were due to repeated 
clotting of the catheter tip and damping of the pres~ 
sure wave, kinking of the catheter or extension 
tubing, or both. Fluid filled catheters require a rela- 
nvely bulky perfusion unit and are liable to artefacts 
such as overshoot, overdamping, and catheter 
whip.” They respond satisfactorily to a pressure 
which remains stationary but have limitations in 
fidelity when they are used to record varying pres- 
sure. 

We have analysed the frequency and phase 
response of the transducer tipped system and have 
compared the results with a directly recorded fluid 
filled catheter. For the complete transducer 
amplifier-record-playback system, the amplitude 
response was flat to 8 Hz (—3 dB down). We have 
preserved the phase of the recorded signal and have 
shown that the phase response is linear to 8 Hz. 
Phase delay at 8 Hz exceeds the phase delay at 1 Hz 
by <30 ms. We have found no appreciable phase 
distortion up to 8 Hz. 

Amplitude response will be constant over a 
selected band of signal frequencies (the passband) 
and will fall off at frequencies above and below the 
passband. The effects of this drop in amplitude 
response at low frequencies will be to increase 
artificially baseline stability at the expense of faithful 
reproduction of low frequency components (for 
example the diastolic period of a pressure wave- 
form). For most pressure measuring systems, 
including that used in the present study, the low fre- 
quency response is adequate for faithful signal 
reproduction. At high frequencies, however, the 
drop in amplitude response (gain) of the system 
selectively attenuates the high frequency com- 
ponents of the waveform. If the high frequency 
response is severely limited then the greatest effect 
on the waveform will be on its fastest moving 
components—that is the upstroke—and thus the 
systolic pressure may be underestimated. The 
diastolic pressure is less likely to be affected by high 
frequency attenuation. As the heart rate increases 
from 70 to 150 beats per minute there is a slight 
decrease in harmonic power (20%) below 8 Hz. We 
have found that at 70 beats per minute 90% power is 
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expressed below 8 Hz and this accords with other 
studies.” The loss of harmonic power with 
increasing heart rate is associated with some wave- 
form distortion, but this tends.not to affect diastolic 
pressure. The fluid filled system attenuates the 
amplitude of the frequency content (Fig. 3) includ- 
ing the first harmonic. This low frequency attenu- 
ation is greatly improved with a transducer tipped 
catheter with little loss in the Oxford recording. 

Nathan et al first described continuous ambu- 
latory pulmonary artery pressure monitoring with a 
transducer-tipped catheter.’ The recording system 
was complex and expensive because it used-a solid 
state system and computer analysis. The pulmonary 
artery pressure was averaged over 30 s, not beat to 
beat. The catheter required immersion in saline for 
five hours in order to minimise zero drift. We found 
that with improved elastomers this time could be 
reduced to one hour: 

We have confirmed that in the absence of pul- 
monary -vascular disease and mitral stenosis mea- 
surement by transducer tipped catheter of pul- 
monary artery end diastolic pressure correlates 
closely with left ventricular end diastolic pressure 
(Fig. 3).1~? If they are not handled carefully the 
transducer membranes ‘are susceptible to damage 
that results in zero drift. 

Most:complications reported with long term pul- 
monary artery catheterisation with Swan-Ganz 
catheters have been due to impaction of an inflated 
balloon in a distal branch of the pulmonary 
artery.!® 1° In two patients in our study the trans- 
ducer tipped catheter tip changed position and 
became slightly wedged. In one case this occurred 
after 18 h and in the other after 24 h. This had no 
apparent deleterious effects. 

We have described a system of continuous pul- 
monary artery pressure recording in which every 
beat during periods of interest can be recorded and 
replayed. Thus most of the drawbacks of fluid filled 
catheters and the limitations of solid state transducer 
tipped systems have been overcome. This method 
could be used in any centre equipped for ambulatory 
electrocardiographic monitoring. The technique 
may be used to study the pathophysiology and treat- 
ment of coronary artery disease and cardiac failure 
as well as primary and ‘secondary pulmonary hyper- 
tension. 


We thank the Clinical Research Committee of the 
National Heart and Chest Hospitals for financial 
support. 
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Ultrafiltration in the management of refractory 


congestive heart failure 
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SUMMARY Ultrafiltration was performed in nine patients with congestive cardiac failure that was 
refractory to conventional medical treatment. A mean of 12-7 litres of fluid was removed, and 
there was a sustained symptomatic improvement in all patients. Weight loss continued after 
ultrafiltration and a sustained increase in serum sodium concentration was also noted. A transient 
fall in right atrial pressure was seen only at four hours after ultrafiltration. No adverse hae- 
modynamic effects were seen four and eighteen hours after fluid removal. Intracardiac dimen- 
sions measured by echocardiography remained unchanged. Ultrafiltration can be used to relieve 
symptoms in patients with refractory congestive heart failure and gross oedema. 


Some patients with severe heart failure and gross 
peripheral oedema are resistant to conventional 
forms of medical treatment including vasodilators. 
In addition some patients become unresponsive to 
treatment because of the development of pharma- 
cological tolerance or because of a further deterio-— 
ration in cardiac function. Management of patients 
with refractory congestive heart failure is difficult 
because they have a poor prognosis and distressing 
symptoms of dyspnoea and gross peripheral oedema. 
The removal of large volumes of extracellular fluid 
by venesection, haemodialysis, and peritoneal dialy- 
sis is likely to provide such patients with symptom- 
atic relief but is limited by the tendency for adverse 
haemodynamic effects, such as hypotension and 
tachycardia, to develop. 

Ultrafiltration, however, is a rapid method of 
selectively removing body water in which controlled 
fluid removal can prevent sustained haemodynamic 
upset.” ? In addition ultrafiltration can be performed 
by a venous technique and is less likely than hae- 
modialysis to cause adverse haemodynamic 
effects.4* Though symptomatic improvement has 
been demonstrated after ultrafiltration in individual 
patients with refractory congestive heart failure,®~® 
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there are no data on its haemodynamic effects. The 
aim of this study was to assess the symptomatic and 
haemodynamic response to ultrafiltration of patients 
who had severe congestive heart failure that was 
resistant to conventional forms of medical treat- 
ment. 


Patients and methods 


All patients admitted with chronic congestive heart 
failure over a three year period were considered for 
ultrafiltration. In order to maintain an hae- 
modynamically stable study population patients 
with valvar heart disease were excluded. Only nine 
patients remained in congestive heart failure with 
gross peripheral oedema after they had been treated 
with diuretics, vasodilators, and inotropic agents. 
These were the patients in whom we tried 
ultrafiltration (Table). Their ages ranged from 47 
years to 65 years (mean 53 years). Fluid intake was 
restricted to 1 litre per day. The mean dose of frus- 
emide was 600 mg/day (range 160-1000 mg/day) 
either orally ar by intravenous infusion. Vasodilator 
treatment was continued in six patients. All patients 
had New York Heart Association class IV symptoms 
and all had gross peripheral oedema. Informed con- 
sent was obtained from all patients. 

The following were measured daily—weight (kg); 
fluid balance: heart rate; systemic blood pressure 
(standard cuff sphygmomanometry); and serum 
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Table Data on nine patients with congestwe heart failure who were treated by ultrafiltration 








Panent Sex Age Aetiology 

l M 49 Coronary artery disease 

2 M 47 Congestive cardiomyopathy 
3 M 51 Restrictive cardiomyopathy 
4 M 49 Coronary artery disease 

5 F 65 Congestive cardiomyopathy 
6 M 49 Restrictive cardiomyopathy 
7 M 56 Coronary artery disease 

8 M 59 Congestive cardiomyopathy 
9 F 47 Congestive cardiomyopathy 


Daly drug treatment 


Frusemide 1000 mg, spironolactone 100 mg, digoxin 0 25 mg 
Frusemide 160 mg, spironolactone 100 mg, captopril 75 mg 
Frusemide 500 Sir neg pd 100 mg, tsosorbide 


dinitrate 40 mg, nifedipine 40 mg 
Frusemide 240 mg, spironolactone 100 mg, digoxin 0 125 mg, 
captopril 75 mg 


Frusemide 1000 mg, spironolactone 200 mg, prazomn 4 mg 

Frusemide 250 mg, spironolactone 100 mg, digoxin 0 25 mg, 
captopril 37 5 mg 

Frusemide 1000 mg, spironolactone 200 mg, digoxin 0 25 mg, 

Frusemide 320 mg, spironolactone 200 mg, digoxin 0 125 mg, 
Prazosin 9 mg 

Frusemrde 1000 mg, spironolactone 200 mg 





urea, creatinine, and electrolytes. In six patients 
invasive haemodynamic monitoring and simulta- 
neous M mode echocardiography were performed 
before and four hours and eighteen hours after the 
completion of each ultrafiltration procedure. 


HAEMODYNAMICS 

A Swan-Ganz catheter was inserted by internal jug- 
ular venous cannulation and manipulated into the 
right main pulmonary artery. The right atrial, pul- 
monary artery, and pulmonary capillary wedge pres- 
sures were measured and cardiac output was evalu- 
ated by the thermodilution technique by means of an 
IL 720 cardiac output computer. All measurements 
were made in triplicate and the mean of these results 
was taken. 


ECHOCARDIOGRAPHY 

M mode echocardiograms were obtained with an 
SKI Ekoline echocardiograph and left atrial, right 
ventricular, left ventricular end diastolic, and left 
ventricular end systolic dimensions were measured. 


ULTRAFILTRATION 

Ultrafiltration was performed by venous cannu- 
lation through a double lumen dialysis cannula in 
two patients, via the femoral approach in eight 
patients, and by the internal jugular approach in 
one. In seven patients a Gambro AK 10 machine was 
used with a Cordis-Dow 1-5 m? cellulosic based 
membrane. In two patients a Fresenius A2008C 
machine was used with a new highly permeable 
polysulphone membrane (F60). The latter has the 
advantage of providing improved permeability and 
biocompatability.?!° Ultrafiltration was continued 
until the development of either distressing muscle 
cramps or sustained hypotension. If peripheral 
oedema persisted the procedure was repeated on 
subsequent days depending on patient tolerance. 


STATISTICAL METHODS 
We used the paired Wilcoxon test for statistical 
analysis. 


Results 


The overall fluid loss ranged from 3:7 litres to 23 
litres (mean 12-7). Ultrafiltration was performed 2-5 
times per patient (mean 2 9) and lasted 45 minutes to 
12 hours (mean 3-8 hours). The amount of fluid 
removed at each procedure was 1-7~6-0 litres (mean 
3-0 litres) with the standard cellulosic membrane 
and 20 and 23 litres on the two occasions on which 
the polysulphone membrane was used. Each mdi- 
vidual treatment was stopped because of muscle 
cramps or sustained hypotension. Transient 
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Fig.l Weights (kg) of individual patients and mean 
(SEM) measured one week before ultrafiltration, after the 
completion of ultrafiltration, and at one week after fluid 
removal. 
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Fig. 2 Serum sodium concentrations for indroidual patients 
and mean (SEM) shown tnmediately before, after the 
completion of ultrafiltration, and at one week after 
ultrafiltration. 


hypotension developed in all patients during the 
procedure; this responded rapidly to temporary dis- 
continuation of fluid removal or, in four patients, 
to imtravenous infusion of 20 g of albumin. 
Ultrafiltration was discontinued when ıt was consid- 
ered clinically that the maximum benefit had been 
obtained. 

Figure 1 shows patients’ weights over the study 
period. No significant change in weight was seen 
during the week before ultrafiltration, indicating 
both a stable clinical state and a lack of response to 
drug treatment. Significant weight reduction 
occurred after ultrafiltration and continued in the 
week after the completion of ultrafiltration, indi- 
cating an improved response to diuretic treatment. 
Figure 2 shows the serum sodium concentrations. 
There was a significant increase in the serum sodium 
concentration after ultrafiltration and this increase 
was sustained over the subsequent week. No 
significant change occurred in either the serum urea 
or creatinine concentrations over the study period. 
Mean (SD) albumin concentration was unchanged 
(33 (4) g/l vs 35 (5) g/l) after ultrafiltration, despite 
the infusion of intravenous albumin during the pro- 
cedure in four patients. 


HAEMODYNAMICS 

Right atrial pressure was significantly reduced four 
hours after the completion of ultrafiltration, though 
by 18 hours it had returned towards the value before 
ultrafiltration. No change was seen in the heart rate, 
mean systemic blood pressure, or mean pulmonary 
artery pressure. Pulmonary capillary wedge pressure 
(mean (SD)) which was 26 (6) mm Hg before 
ultrafiltration was unchanged four hours (27 (6) mm 
Hg) and 18 hours (31 (9) mm Hg) after completion 
of each ultrafiltration period. Similarly cardiac 
output (mean (SD)) which was 3-2 (0-7) l/min before 
ultrafiltration remained unchanged- four hours (3:3 
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(0-6) l/min) and 18 hours (3-3 (0-4) l/min) after each 


procedure. Echocardiographic measurement of 
intracardiac dimensions remained unchanged 
throughout. 


PROGRESS AFTER ULTRAFILTRATION 
Symptoms improved and all patients became con- 
siderably less distressed immediately after 
ultrafiltration. Two patients who were non-insulin 
dependent diabetics developed systemic infection 
after ultrafiltration; the one with cellulitis had been 
treated for staphylococcal septicaemia before 
ultrafiltration. The source of infection in both cases 
was related to the indwelling Swan-Ganz catheter 
used for haemodynamic monitoring and not to the 
ultrafiltration procedure itself. In both cases staphy- 
lococci were isolated from blood culture within one 
week of ultrafiltration. Antibiotic treatment was suc- 
cessful in one, but the other patient died of ventricu- 
lar fibrillation five days after the start of antibiotic 
treatment. Two patients were readmitted within 
three months of ultrafiltration with recurrence of 
peripheral oedema. Both these patients responded 
quickly to increased diuretic treatment and were 
able to be discharged home free of oedema after a 
short hospital admission. The remaining patients 
were free of oedema during subsequent follow up 
and one patient improved to New York Heart Asso- 
ciation class ITI. 

There were two hospital deaths after 
ultrafiltration. One patient with congestive cardio- 
myopathy and staphylococcal septicaemia died of 
documented ventricular fibrillation and the other, a 
patient with restrictive cardiomyopathy, of 
progressive deterioration in heart failure. A further 
five patients died during subsequent follow up 
(mean time to death 3-4 months, range 1-9 months). 
Sudden cardiac death was the presumed cause of all 
deaths and all the patients had remained free of 
oedema since ultrafiltration. The two surviving 
patients were oedema free throughout the sub- 
sequent year of follow up. 


Discussion 


This study has demonstrated that ultrafiltration is a 
safe, effective, and relatively simple method for pro- 
ducing symptomatic improvement in patients with 
refractory congestive heart failure. 

The ultrafiltration procedure used in this study 
has several advantages in the management of these 
patients. First, the rate at which fluid is removed can 
be accurately controlled by altering the trans- 
membrane hydrostatic pressure. This fine control of 
fluid removal is of considerable importance in pre- 
venting sustained haemodynamic upset in patients 
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who are already haemodynamically compromised. 
Towards the end of the study a new highly perme- 
able, biocompatible filter became available and was 
used in two patients. In both of them over 20 litres 
of fluid was removed during a single ultrafiltration 
procedure. Use of this type of membrane may 
make it possible to render patients oedema free 
without the need for repeated intervention. The 
other major advantage is that vascular access is 
simple and necessitates only percutaneous central 
venous cannulation. 

In our patients there was a significant 
improvement in serum sodium concentration, which 
was of similar magnitude to that found after 
ultrafiltration in fluid overloaded patients with renal 
failure.'! All patients experienced transient hypo- 
tension when fluid was removed too rapidly during 
ultrafiltration. This was confirmed by pulmonary 
capillary wedge pressure measurement made in one 
patient during the procedure. When fluid was 
removed too rapidly from the intravascular com- 
partment the wedge pressure fell from 30 mm Hg to 
12 mm Hg with consequent fall in cardiac output 
and blood pressure. When ultrafiltration was tran- 
siently discontinued and intravenous albumin was 
infused, there was a rapid return to a stable hae- 
modynamic state as the wedge pressure increased to 
28 mm Hg. We therefore advise that the ultrafiltrate 
should be removed at a rate of less than 400 ml per 
hour and that mtravenous albumin should be 
infused in hypoalbuminaemic patients in order to 
redistribute fluid from the interstitium into the 
intravascular compartment and promote removal by 
ultrafiltration. 

As expected the reduction in weight found imme- 
diately after ultrafiltration reflected the amount of 
fiuid removed during the procedure. Weight reduc- 
tion continued over the week after ultrafiltration, 
however, and since fluid intake was restricted to one 
litre daily before and after ultrafiltration this indi- 
cates an improved response to diuretic treatment. 
This finding has been reported in fluid overloaded 
patients without pump failure’ but its mechanism 
remains unclear. Though improved absorption of 
diuretic due to improvement of intestinal oedema 
may play a part in some patients, the continued 
weight reduction was also seen in those patients on 
intravenous therapy. In the absence of improved 
haemodynamics, an effect on the renin angiotensin 
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system or a resetting or baroreceptors must be pos- 
tulated as a possible underlying mechanism. 

Though sustained symptomatic relief from gross 
oedema was achieved in these patients there was no 
improvement in haemodynamnc variables, except for 
a transient fall in right atrial pressure. This finding 
is not surprising in patients in whom the underlying 
pathophysiological mechanism is primary myo- 
cardial failure, since ultrafiltration is dealing only 
with the secondary effects. Nor can it be expected to 
improve outcome in a group of patients with such a 
poor prognosis. 
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Heart rate variability in healthy subjects: effect of age 
and the derivation of normal ranges for tests of 
autonomic function 


IAIN AD O’BRIEN, PAUL O'HARE, ROGER J M CORRALL 
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SUMMARY The diagnosis of autonomic neuropathy frequently depends on results of tests which 
elicit reflex changes in heart rate. Few well-documented normal ranges are available for these 
tests. The present study was designed to investigate the effect of age upon heart rate variability 
at rest and in response to a single deep breath, the Valsalva manoeuvre, and standing. A comput- 
erised method of measurement of R-R interval variation was used to study heart rate responses 
in 310 healthy subjects aged 18-85 years. 

Heart rate variation during each procedure showed a skewed distribution and a statistically 
significant negative correlation with age. Normal ranges (90% and 95% confidence limits) for 
subjects aged 20-75 years were calculated for heart rate difference (max—min) and ratio 
(max/min) and standard deviation (SD). Heart rate responses were less than the 95th centile in at 
least one of the four procedures in 39 (12-6%) out of the 310 subjects, and were below this limit 
in two or more tests in five (1:6%) subjects. In view of the decline in heart rate variation with 
increasing age, normal ranges for tests of autonomic function must be related to the age of the 


subject. 


In recent years several simple, non-invasive tests of 
autonomic function have been described. ? These 
tests are based on measurement of reflex changes in 
heart rate in response to standardised stimuli, such 
as the Valsalva manoeuvre,’ singlet or repeated deep 
breaths,* passive tilting, or standing. 7 More com- 
plex procedures, such as lower body negative 
pressure? and injection of pressor agents,’ provide 
additional information about autonomic control of 
the cardiovascular system but are not suitable for 
_ routine clinical use. 

Assessment of heart rate variability in subjects of 
all ages is, however, complicated by changes that 
occur in the autonomic nervous system with advan- 
cing age.'° These changes include a gradual increase 
in basal and stimulated plasma noradrenaline con- 
centrations,'+ altered adrenoceptor function,’? and 
diminished responsiveness to adrenergic agonists 
and antagonists.'? The heart rate response to the 
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Valsalva manoeuvre and deep breathing tests 
declines with age in normal subjects.?!* Con- 
sequently normal ranges for such procedures that 
quote a single limit for all ages,'* with or without a 
borderline range, are inappropriate and will result in 
errors in diagnosis, particularly in the elderly. 

The present study was undertaken to evaluate the 
effect of age upon heart rate variation in a large 
group of healthy subjects, and thus to establish 
confidence limits for the heart rate response to stan- 
dard tests of autonomic function. 


Subjects and methods 


SUBJECTS 

A total of 310 healthy normal subjects, 147 males 
and 163 females, were studied. The age range was 
18-85 years (mean (SD) 48 (17)); in each decade 
from 20 to 70 years of age there was a minimum of 50 
subjects, approximately 50% males and 50% 
females (Table 1). Most of those aged less than 65 
were factory employees, a few were hospital staff and 
healthy outpatients attending the physiotherapy 
department. Those aged 65-85 years were volun- 
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Heart rate variability in healthy subjects 
Table 1 Age and sex distribution of subjects 
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Sex 18-29 yr 30-39 yr 40-49 yr 
M 32 31 23 
F 23 27 29 
Total (%) 55 (17-7) 58 (18 7) 52 (16-8) 





50-59 yr 60-69 yr 70-85 yr 
29 24 8 
27 29 28 
56 (18 1) 53 (17 1) 36 (11 6) 





teers from day centres for the elderly in Bristol. 
Diabetic patients were excluded, as were those with 
cardiac failure, angina, cerebrovascular disease, and 
those taking drugs known to affect heart rate. None 
of the subjects had glycosuria. 


METHODS 

Changes in heart rate were measured with an instan- 
taneous cardiac ratemeter (Lectromed type 4522 
model A) interfaced with a microcomputer (Com- 
modore 4008N). Details of the method have been 
reported elsewhere.'‘° The computer was pro- 
grammed to record heart rate in either beats per 
minute or milliseconds per beat. A signal generated 
by an R wave simulator set at a rate of 60 min” t was 
measured with 100% accuracy over a period of two 
minutes. 

Heart rate was measured continuously during 
four procedures in each subject as follows: (a) quiet 
supine rest for 60 s; (6) a single deep breath—the 
subject was asked to inhale deeply over 5 s and then 
to exhale over 5 3; (c) Valsalva manoeuvre—the sub- 
ject was asked to maintain a pressure of 40 mm Hg 
for 15 s by means of forced expiration into a mouth- 
piece connected to a sphygmomanometer, the sub- 
ject then lay quietly while heart rate was recorded 
for a further 45 s; (d) standing for 60s (in this case 
the recording was started immediately the subject 
was erect). These are referred to hereafter as resting, 
inspiration, Valsalva, and standing. Subjects were 


supine or semirecumbent during (a)~(c). In addition 
blood pressure over the brachial artery was mea- 
sured with a standard sphygmomanometer before 
and after the subject had stood for 60 s. All studies 
were performed by a single investigator (IAD O’B). 
The following data were recorded from each test: 
maximum, minimum, mean, and SD of heart rate in 
beats/min. The values of the 15th and 30th beats 
after standing were noted also.'! From these results, 
we derived the following indices of heart rate vari- 
ation: heart rate difference (max—min), heart rate 
ratio (max/min), heart rate SD, and 30:15 ratio. 


STATISTICAL ANALYSIS 

The influence of age and other variables on heart 
rate variation was examined by non-parametric 
techniques. Multiple correlation analysis was used 
to study the relation of age, resting heart rate, and 
blood pressure to heart rate variation. The 
difference in heart rate variability between males 
and females was compared by unpaired r tests. To 
derive confidence limits for indices of heart rate 
variation it was necessary to use a transformation 
technique because of the skewed distribution of 
results and the non-linear relation with age. Thus 
the original data were transformed to normality by 
the method of Box and Cox, in which a general 
power transformation is used to convert the original 
data to normality.'? Confidence limits were then cal- 
culated and the data were transformed back. ~ 


Table2 The relative contribution of age, systolic blood pressure (BP), and basal heart rate to heart rate variation at rest 
and ın response to the Valsalva manoeuvre, a single deep breath, and standing (values given are those of the change in R? at 


each stage in multiple correlation analysts) 





Index Age 
Heart rate difference 
Resting 23-0% 
Inspiration 32:6% 
Valsalva 20 5% 
S 33% 
Heart rate ratio. 
ing 23-4% 
Inspiration 292% 
Valsalva 19 5% 
29 1% 
Heart rate SD 
Resting 154% 
Inspiration 305% 
Valsalva 179% 
Standing 33 1% 


Systolic BP Mean heart rate 
— 02% 

08% 40% 

acre 27% 

~ 33% 

16% — 

~ 13% 

11% 08% 
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Results 


The correlation coefficient of heart rate indices with 
age ranged from — 0:45 (p<0:001) for resting heart 
rate SD to —0-60 (p <0-001) for standing heart rate 
difference. Heart rate difference and SD were inde- 
pendent of resting heart rate in all tests, whereas 
heart rate ratio showed a weak correlation with rest- 
ing heart rate in all procedures except for the Val- 
salva manoeuvre. There was also a significant nega- 
tive correlation of heart rate variability with supine 
systolic blood pressure; however, this was due 
almost entirely to the dependence of blood pressure 
on age (r=0-59, p<0-001). Multiple correlation 
analysis showed that age accounted for 15-33% of 


45 
Resting 


30 


x Inspiration 


*l of subjects 
— Ww 
a o 


w 
o o 


Valsalva 





0 10 20 3 40 50 6 7% 8 
{Max-Min) Heart rate (Beats/min) 
Fig. 1 Heart rate differences in normal subjects measured at 
rest, during a single deep breath, Valsalva manoeuvre, and 
Standing (n=310). 
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variation in heart rate responsiveness in normal sub- 
jects, and that less than 4% was attributable to basal 
heart rate or blood pressure (Table 2). 

Comparison of heart:rate results between males 
and females was confined to subjects aged <70 years 
because of a preponderance of females above this 
age. Heart rate variability was generally less in 
women than in men;-however, with the exception of 
heart rate ratio at rest (p =0-004), the difference did 
not reach statistical significance. Therefore, results 
from both sexes were analysed together. 

The relative change.in heart rate in response to the 
various procedures was Valsalva > standing > 
inspiration > resting. All indices of heart rate vari- 
ability showed unimodal, positively skewed distri- 
butions. For example, Fig. 1 shows data for heart 
rate difference. Figure 2 shows the asymmetrical 
scatter of Valsalva ratios. It also illustrates the non- 
linear decline in heart rate responsiveness with 
increasing age and the 90% and 95% confidence 
limits derived by the- transformation technique 
described above. The values of 90% and 95% 
confidence limits for heart rate difference, ratio, and 
SD in response to each procedure are given in Table 
3. 

Individual subjects rarely had results outside 
these limits ın more than one test. Heart rate 
responses were less than the 95th centile in at least 
one of the four procedures in 39 (12:6%) out of 310 
subjects. In the entire group heart rate difference 
results were outside the lower 95% confidence limit 
in two or more of the four tests in only two out of the 
310 subjects (0:6%). Similarly, only three subjects 
(0:9%) had two or more abnormal heart rate ratios 
or SDs. 





Fig. 2 Age-related dechne in the Valsalva ratio in normal 
subjects (2 =310) and 90% and 95% confidence lumtts. 
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Table 3 Normal ranges for heart rate responses m normal subjects aged 20-75 years. Values given are (a) the lower 95% 


and (b) the lower 90% confidence limats 





20 yr 25 yr 30 yr 35 yr 40 yr 
Heart rate difference: 
Resting 
(a) 7 7 6 6 5 
(b) 9 8 7 7 6 
Inspiration ; 
(a) 11 10 9 8 7 
(b) 13 12 11 10 9 
Valsalva 
(a) 22 20 19 17 16 
(b) 25 23 22 20 19 
Standing 
(a) 15 13 12 li 9 
(b) 17 16 14 13 ll 
Heart rate ratio . 
Resnng 
(a) 112 111 110 109 108 
(b) 114 112 111 110 109 
Inspiration 
(a) 117 115 113 112 110 
(b) 120 118 116 114 113 
Valsalva 
(a) 1-35 132 130 1:27 124 
(b) 1-41 1-38 135 132 1-29 
Standing 
(a) 1-20 117 115 113 1-12 
(b) 1-23 121 119 116 114 
Heart rate SD 
Resung 
(a) 16 15 14 13 13 
(b) 1-8 17 16 15 14 
Inspiranon 
(a) 3-4 32 29 25 22 
(b) 43 39 35 31 27 
Valsalva 
(a) 60 56 51 47 43 
Œ) 72 66 61 56 51 
Standing 
(a) 36 33 29 26 23 
(b) 43 39 35 3-1 27 


45yr 50 yr 55 yr 60 yr 65 yr 70 yr 75 yr 
5 5 4 4 4 3 3 

6 5 5 5 4 4 4 

6 5 5 4 3 3 2 

8 7 6 5 4 4 3 
15 13 12 1 19 9 8 
17 16 15 13 12 11 10 

8 7 6 5 5 4 3 
10 9 8 7 6 5 4 
107 1 06 105 104 104 103 102 
108 1-07 107 106 105 104 103 
1 08 107 106 104 103 1-02 100 
lil 109 108 106 105 104 1-02 
124 120 117 115 113 lil 109 ° 
1-27 1-24 1-22 119 117 115 113 
1:10 108 106 1-05 103 102 101 
1-13 111 1:09 1-07 1-06 1-04 1-03 
12 11 11 10 10 09 09 
14 1-3 12 bl 11 10 10 
19 16 14 12 09 08 06 
24 21 18 15 13 11 09 
39 3-5 32 29 26 23 21 
47 43 39 36 32 29 2:6 
20 17 15 13 L1 09 08 
2-4 21 19 16 14 12 10 





The timing of maximum and minimum heart rates 
on standing was determined in 219 subjects: maxi- 
mum heart rate occurred within 10 s in 77%. In 
contrast, the timing of minimum rate showed a 
much wider scatter. The 30:15 ratio was compared 
with (max/min) heart rate ratio on standing in 294 
subjects. There was a significant correlation between 
both measurements (r=0-45, p<0-001). The 30:15 
ratio was <1-00 in 43%, however, and thus this 
derived index consistently underestimated the true 
max/mun ratio. 

As expected, supine systolic blood pressure was 
positively correlated with age (r=0-59, p<0-001). 
The difference between supine and standing systolic 
blood pressure was independent of age (r= — 0-01, p 
NS). Four subjects, all of whom were aged 60-65 
years, had a fall in systolic pressure on standing of 
20-25 mm Hg. 

The reproducibility of the heart rate response to 
each procedure was assessed in a separate study of 
six healthy male subjects aged 20-35 years, each of 
whom was studied on five -separate occasions over 


three days. Heart rate ratios were found to have a 
lower coefficient of variation than heart rate 
differences or SDs (Table 4). 


Discussion 


Variation in heart rate, whether at rest or in response 
to a stimulus, is mediated by the combined effects of 
cardiac vagal and sympathetic nerves acting upon 
the sinoatrial node. The aim of simple clinical tests, 
such as were used in the present study, in which the 


Table4 Coefficients of variation (mean (range) ) of heart 
rate measurements in six normal subjects 





Heart rate SD 

Difference Ratio 
Resting 29% (18-44%) 7% (59%) 25% (12-34%) 
Inspiranon 16% (7-28%) 6% (2-9%) 21% (13-34%) 
Valsalva 17% (4-29%) 9% (4-16%) 21% (2-27%) 
Standing 26% (12-31%) 9% (4-16%) 24% (10-41%) 
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chronotropic response to standardised manoeuvres 
is measured, is to investigate the integrity of these 
autonomic control mechanisms. Assessment of heart 
rate variability is, however, complicated by changes 
in the autonomic nervous system that occur with 
advancing age. !? These functional changes include a 
gradual increase in basal and stimulated plasma nor- 
adrenaline concentrations,'* altered adrenoceptor 
function,!* and diminished responsiveness to adre- 
nergic agonists and antagonists. The results of the 
present study demonstrate that age is an important 
determinant of heart rate variability in normal sub- 
jects. Thus, unless allowance is made for the phys- 
iological effects of aging, diminished heart rate vari- 
ability in older subjects may be attributed 
incorrectly to disease. 

In this study of more than 300 healthy subjects, 
care was taken to ensure an even distribution of age 
and sex. It was necessary to use a transformation 
technique to analyse the data because the distribu- 
tion of results was skewed, and the deline in heart 
rate responsiveness with age was non-linear. Alter- 
native transformation methods were used by Smith 
and Wieling to derive normal ranges for heart rate 
variation at rest!” and in response to deep breath- 
ing,!7 18 the Valsalva manoeuvre, +? and standing.'® 
We have obtained slightly lower limits, probably 
due to the larger number and more uniform age dis- 
tribution of our subjects. Many previous studies of 
cardiovascular autonomic function tests, particu- 
larly those of diabetic autonomic neuropathy, have 
been of small groups of subjects or narrow age 
ranges or both.'! 2°?! In some instances recommen- 
ded normal limits have not taken account of 
observed reductions in heart rate variability in older 
subjects* 2723; in others normal ranges have been 
defined “‘arbitrarily’’.?+ ; 

Sinus arrhythmia is enhanced during f adrenergic 
blockade? and is abolished by atropine.* Thus, 
although the precise mechanisms responsible for 
sinus arrhythmia are not fully understood, the 
efferent pathway is via cardiac vagal fibres. 
Respiratory-induced changes in heart rate are 
reduced in the elderly.* !7 182527 This may be due 
to altered vagal activity, since the chronotropic 
response to atropine is also reduced in older sub- 
jects.2° Bennett et al, in a comparative study of car- 
diac autonomic function tests, found that resting 
R-R interval SD correlated negatively with mean 
heart rate, and that R-R interval SD was not useful 
in detecting subjects with impaired heart rate 
responsiveness.’ In the present study, heart rate 
variability during quiet and deep breathing was 
independent of mean heart rate, and it was possible 
to derive age-related limits for resting heart rate 
variation. In studying the response to deep breath- 
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ing we used a single breath rather than repeated 
breaths, since the magnitude of the change in rate is 
often greater during the first breath and diminishes 
thereafter. Ewing and Clarke have recommended a 
normal range of >15 beats/min for heart rate 
difference during deep breathing, with 11—14 as bor- 
derline and <11 as abnormal.” Our results indicate 
that these limits are not applicable to subjects of all 
ages; our results (Table 3) are, however, similar to 
the limits obtained by Mackay et al and Sundkvist et 
al in subjects aged <50 years.?? 3° 

The Valsalva manoeuvre elicits a complex series 
of haemodynamie events that result in activation of 
sympathetic and parasympathetic neurones. It has 
been suggested that the cardiac response to Valsalva 
should be represented by the increase or decrease in 
rate relative to the initial heart rate.*} Both these 
indices, however, correlate closely with the Valsalva 
ratio, and the latter has the advantage of being inde- 
pendent cf basal heart rate. In a study of 200 normal 
subjects by Levin, the Valsalva ratio decreased with 
age and 96% had ratios >1-5.> The normal ranges 
that we have calculated for the Valsalva ratio are 
lower than 1-5 at all ages, and are generally higher 
than the limit of 1:10 set by Ewing and Clarke.?? 
Our results are, however, similar to the range found 
by Dyrberg er al in subjects aged 30-48.7° 

The increase in heart rate on standing diminishes 
with age*® (Table 3). The ratio of the R-R intervals 
of the 30th and 15th beats after standing, the 30:15 
ratio, has been proposed as an index of the reflex 
heart rate response to standing.'! The mechanisms 
underlying the immediate heart rate response to 
standing are complex,’ and the present data indicate _ 
that these changes in rate are not accurately repre- 
sented by the 30:15 ratio because of the high fre- 
quency of false positive results. Others have also 
found the 30:15 ratio to be unhelpful and to under- 
estimate the true max/min ratio.*® 3? 

Postural hypotension is a relatively common 
finding in the elderly. Caird et al found that 16% of 
494 people aged more than 65 have a systolic fall 
> 20 mm Hg on standing.** This degree of postural 
hypoter.sion was less common among our subjects, 
occurring in only 45% of those aged 60 or more. 
This may have been due to differences in the study 
populations, since contributory factors were 
identified in 40% of Caird’s subjects with postural 
hypotension and such individuals would have been 
excluded from the present study. 

It is a contentious issue whether the response to 
tests of autonomic function should be expressed as 
the difference or the ratio of the induced change in 
heart rate (or R-R interval). Although the relation 
between these two indices is linear, the slope is 
dependent on basal heart rate (Fig. 3). Thus, if a 
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Fig.3 The effect of basal ‘heart rate upon the relation 
between heart rate difference (max — main) and heart rate 
ratio (max{min). 


particular test induces a heart rate difference of 20 
beats/min the corresponding heart rate ratio will be 
1-33 for a basal heart rate of 60, 1-20 for a basal rate 
of 100, and 1-17 for a basal rate of 120. Furthermore, 
it is not known whether a change in heart rate from 
60 to 80 is comparable physiologically to a change in 
rate from 100 to 120. Since there is no consensus on 
which index should be used to express the heart rate 
response, we have presented all our data after all 
three methods of analysis. The expression of heart 
rate data as either ratios or differences may also be 
relevant to the diagnosis of diabetic autonomic neu- 
ropathy. It is well documented that heart rates are, 
in general, faster in diabetics than in non- 
diabetics.? 592° Consequently, autonomic dys- 
function may be diagnosed more frequently if ratios 
rather than differences are used. 

It is important to recognise that a diagnosis of 
autonomic neuropathy cannot be substantiated on 
the basis of the results from a single test.?? Among 
the reasons for this are the variability of results in 
healthy subjects, the different physiological basis of 
the various tests, and, in the case of disease states, 
the patchy distribution of lesions within the auto- 
nomic nervous system. Using a combination of four 
simple procedures we have shown that <2% of a 
normal population will have more than one abnor- 
mal test result. We suggest, therefore, that abnormal 
autonomic control of heart rate can be diagnosed 
with confidence using these tests with age-related 
normal ranges. 
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SUMMARY The effect of mitral valve closure on left ventricular filling time and its relation to the 
onset of systole were assessed from mitral valve echocardiograms and simultaneous apex cardio- 
grams in 21 normal subjects, 11 patients with left bundle branch block, and 19 patients with VDD 
pacemakers programmed for atrioventricular intervals of 50, 150, and 250 ms. The interval 
between the electrocardiograph Q wave and the apex cardiogram upstroke was similar in normal 
subjects and patients with left bundle branch block, but was significantly longer in patients with 
VDD pacemakers at all atrioventricular intervals. Similarly there was little difference in the time 
interval between the Q wave and mitral valve closure in normal individuals and patients with left 
bundle branch block but this was considerably delayed in VDD pacemaker patients with the 
atrioventricular interval set at 50 ms. With increasing atrioventricular intervals the mitral valve 
closed significantly earlier, whereas the onset of left ventricular systole and the timing of mitral 
valve opening remained unchanged. Thus as a result of earlier mitral valve closure left ventricular 
filling time decreased progressively as the atrioventricular interval was increased. Since the onset 
of left ventricular systole, with respect to left ventricular stimulation, is considerably delayed in 
VDD pacemaker patients a short atrioventricular interval is required in these patients to maintain 
the normal time relations between atrial and ventricular contraction and hence maximise left 
ventricular filling. 


Left ventricular filling provides the blood volume 
for subsequent left ventricular ejection. One of its 
important determinants is left ventricular filling 
time, which is determined by the mitral valve move- 
ment. This injection time depends not only on car- 
diac cycle length but also on the mechanisms which 
time mitral valve closure. The timing of mitral valve 
closure can be altered by electrical delay of ventricu- 
lar depolarisation! ™? and in atrioventricular con- 
duction disturbances.4~® These two conditions 
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coexist in patients with dual chamber pacemakers 
since ventricular depolarisation begins from an 
abnormal focus and is delayed and the PR interval 
can be altered by programming the pacemaker. 
Since the relative timing of atrial and ventricular 
contraction can be altered simply by reprogramming 
the pacemaker these patients offer a unique oppor- 
tunity to study the effect of these events on mitral 
valve movements and left ventricular filling time. 
This study was designed to examine non- 
invasively the relations between electrical and 
mechanical events in patients with VDD pace- 
makers over a wide range of atrioventricular inter- 
vals. The movements of the mitral valve and hence 
left ventricular filling time were detected by M mode 
echocardiography as was aortic valve opening which 
times the onset of left ventricular ejection. The onset 
of mechanical systole was detected by the upstroke 
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of an apex cardiogram and electrocardiogram. A 
group of normal controls was studied. Finally 
patients with left bundle branch block were also 


studied to examine the possible effects of conduction . 


disturbance of a type similar to that seen in right 
ventricular pacing. 

This information is of theoretical interest because 
of the insight that-it gives into the mechanisms 
underlying mitral valve motion and particularly 
mitral valve closure, It is also of considerable prac- 
tical importance. Patients with myocardial 
impairment who receive dual chamber pacemakers 
supposedly benefit from the improvement in left 
ventricular diastolic function produced by coordi- 
nating atrial and ventricular contraction. This study 
attempts to establish the atrioventricular intervals 
that provide the longest left ventricular filling time 
and thus should maximuse the clinical benefits of this 
type of pacing. 


Patients and methods 


We studied 51 patients who had been informed 


about the nature of the study and had consented to_ 
take part in it. These patients were divided into - 


three groups: 

Control group—There were 21 controls a2 men, 9 
women; age range 24-57 years). Cardiac disease was 
excluded in these subjects by a normal history, 
physical examination, electrocardiogram, and chest 
x ray. 


Left bundle branch blockh—There were 11 patients .- 


(seven men, four women; age range 39-70 years). 
They had normal PR intervals but left bundle 
branch block in association with the following 
diseases: hypertension (2), hypertrophic cardio- 
myopathy (3), congestive cardiomyopathy (3), 
ischaemic heart disease (1) and aortic valve replace- 
ment (2). This group was included so that we could 
investigate the effects of abnormal ventricular depo- 
larisation of a type similar to that occurring in 
patients with right ventricular pacing. 


Pacemaker group—There were 19 patients (11 - 


men and eight women, age range 21-75 years) in this 
group. All showed the electrocardiographic pattern 
of left bundle branch block due to mght ventricular 
stimulation by a dual chamber pacemaker. The 
pacemakers, all programmed in VDD mode, had 
been implanted for- complete heart block (17 
patients) or second degree heart block (2 patients) 
3-18 months before the study. Ten of these patients 
had presented with symptoms of left ventricular fail- 
ure (New York Heart Association grade II-III); 
three had ischaemic heart disease, and two had 
undergone aortic valve replacement. In the other 
nine patients without symptoms of left ventricular 
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failure the aetiology of the heart block was not clear 
apart from one patient with congenital heart block 
and another with a history of myocarditis. All 
patients were studied with their VDD pacemakers 
programmed for the followmg atrioventricular 


- intervals: 50, 150, and'250 ms. The protocol began 


with an atrioventricular interval of 150 ms, and this 
was followed by the two other intervals in random 
sequence, ‘All measurements were made on beats in 
which ventricular pacing was triggered by a P wave 
after the programmed delay. 


INVESTIGATIONS . 
Echocardiograms to detect mitral and aortic valve ' 
movements were obtained from all patients by 
means of a Hewletr Packard 77020 A ultrasound sys- 
tem with a 35 MHz transducer. M mode echo- 
cardiograms were recordéd both at the level of the 
aortic valve and the mitral valve at a paper speed of 
100 mm/s. Electrocardiograms were recorded simul- 
taneously in all patients. A simultaneous apex 
cardiogram was recorded in 10 randomly selected 
patients in each group. The apex cardiograrn was 
recorded because the onset of its upstroke coincides 
with the onset of left ventricular pressure mse.’ 
Thus mitral -valve movements and electro- 
cardiographic events could be related to the onset of 
mechanical systole in these subgroups. Each obser- 
vation was the mean.value of measurements taken 
from 10 consecutive cardiac cycles. 

The following time intervals were measured from 
the preceding electrocardiographic pacemaker spike 
or Q wave as appropriate: (a) the onset of the 


_upstroke of the apex cardiogram; (b) mitral valve 


closure (MC); (c) aortic valve opening (AQ); (d) 
mitral valve opening (MO). 


.Q-Upstroke Q-Mitral Q-Aortc 
apex cardiogram valve closure | valve opernng 





" a Lett bu block oe a AYa50ms 
Fig.l Tinnng (mean (SD)) ores of apex 
cardtogram, of mitral valve closure, and of aortic valve - 
opemng ith reference to the Q wave or the pacemaker sptke 
m normal tndruiduals, patients with left bundle branch block, 
and in patients with VDD pacemakers set at an> 
atrioventricular interval of SO ms. *p <0 05, ***p <0 001. 
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Fig. 2 Correlation between onset of left ventricular systole 
(taken as timing of the apex cardiographic upstroke } and end 
of preceding diastole {taken as mitral valve closure j 
arranged in groups according to the increasing delay of 
intraventricular conduction-—that is normal individuals, 
patients with left bundle branch block (LBB), and patients 
with VDD pacemakers set at an atrioventricular interval of 
50 ms. 


The onset of mitral A wave (A) was timed from 
the succeeding pacemaker spike or Q wave and the 
cycle length (R-R interval) was also recorded. 

LV filling time (FT, ms) was calculated as follows: 


FT=RR—MO+MC 


and normalised by expressing it as a percentage of 
cycle length O FT). 


o FT = 5 x 100 


The statistical significance of differences between 
mean values in the three groups was analysed by the 
Kruskal Wallis test and by the Mann Witney test. 
Differences between mean values within the pace- 
maker group were analysed by the Friedman test 
and the Wilcoxon rank test. Correlation coefficients 
were calculated by the least squares method. 


Results 


Increasing delay of intraventricular depolarisation, its 
influence on the end of diastole and onset of systole 

Figure 1 shows the intervals between the Q wave or 
pacing spike and the onset of the upstroke of the 
apex cardiogram, mitral valve closure, and aortic 
valve opening. In this section the results given were 
obtained with pacemakers programmed to an atrio- 
ventricular interval of 50 ms, from patients with left 
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Fig.3 Timing (mean (SD) j) of upstroke of apex 
cardiogram, of mitral valve closure, and of aortic valve 
opening in VDD pacemaker patients at atrioventricular 
intervals of 50, 150, and 250 ms. ***p < 0-00), 


bundle branch block, and from normal controls. 
Mean cycle length was the same in all three groups 
of patients. The upstroke of the apex cardiogram 
occurred 44 (16) ms (mean (SD)) after the electro- 
cardiographic Q wave in normal subjects and was 
similarly delayed (52 (18) ms) in patients with left 
bundle branch block. It was considerably delayed 
in pacemaker patients, occurring 119 (210) ms 
(p<0-001) after the pacing spike. Mitral valve clo- 
sure was 52 (11) ms after the Q wave in normal indi- 
viduals and slightly later (65 (20) ms) in patients 
with bundle branch block (p<005) k was 
markedly delayed in pacemaker patients being 127 
(14) ms after the pacing spike (p <0-001) compared 
with both other groups. Aortic valve opening dem- 
onstrated a similar pattern in the three groups. It 
occurred 111 (14) ms after the Q wave in normal 
subjects, 143 (19) ms after the Q wave in patients 
with left bundle branch block (p<0-001), and 193 
(20) ms after the pacing spike in pacemaker patients 
(p<0-001), 

A positive linear correlation was demonstrated 
between the onset of left ventricular systole (taken as 
the onset of the apex cardiographic upstroke) and 
the end of diastole (taken as mitral valve closure} 
(Fig. 2) in normal individuals, in patients with left 
bundle branch block, and in VDD pacemaker 
patients with an atrioventricular interval of 50 ms. 
The regression equation describing this relation for 
these patients with increasing delay of left ventricu- 
lar depolarisation was y = 0-9565x + 16; r=0-93. 


Effects of increasing atrioventricular intervals on the 
end of diastole and onset of systole in paced patients 
Mitral valve closure occurred significantly earlier as 
the programmed atrioventricular interval was 
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Fig.4 An M mode echocardiogram of the mitral valve and a simultaneous apex cardiogram during VDD stimulation 
with atrioventricular intervals of 50, 150, and 250 ms. Early mitral valve closure with respect to the pacemaker sptke 
(marked by the vertical line) is present at an atrioventricular interval of 250 ms. 


increased (Fig. 3). This is shown in an original 
recording from a patient with a low heart rate (Fig. 
4) and at a faster heart rate even more pronounced 
changes were found (Fig. 5). As the atrioventricular 
interval was increased so the scatter of the individual 
values increased. This is shown by the rising stan- 
dard deviation in Fig. 3. 

In contrast, alterations in the atrioventricular 
interval had no effect on the timing of the upstroke 


AV=50ms 
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of the apex cardiogram (mechanical systole), aortic 
valve opening (the onset of left ventricular ejection) 
(Fig. 3), or mitral valve opening (the onset of 
diastole) (Fig. 6). 


Left ventricular filling time 

Figure 6 shows the sequence of timing of mitral 
valve movements in all three groups with reference 
to the Q waves or pacing spikes and also shows cycle 
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Fig.5 M mode mitral valve echocardiograms and apex cardiograms during VDD stimulation with atrioventricular 
intervals of 50, 150, and 250 ms in a patient with short cycle length. The mitral A wave is diminished at AV 150 ms 
and leaflets close early. The mitral A wave is not visible at AV 250 ms and leaflets close before the pacemaker spike, 
causing considerable reduction of left ventricular filling time. 
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Fig.6 Toning (mean (SD)) of mitral valve movements 
(MC, closure; MO, opening) throughout the cardiac cycle 
(with the Q wave or pacemaker spike (PS) as reference 
pornts ) in the group of normal mdrviduals (N) , m patients 
with left bundle branch block (LBB), and wn patients with 
VDD pacemakers set at atrioventricular mtervals of 50, 150, 
and 250 ms. 


length and the duration of left ventricular filling 


time. Mean cycle length was non-significantly - 


different in controls, patients with left bundle 
branch block, and patients with pacemakers set with 
an atrioventricular’ interval of 50 ms. With 
increasing atrioventricular delay there was a small 
but significant decrease in cycle length (Fig. 6). 

In the pacemaker patients left ventricular filling 
time significantly decreased with increasing atrio- 
ventricular intervals. It was 441 (94) ms at the atrio- 
ventricular interval of 50 ms, 372 (104) ms (p <0-03) 
when the interval was 150 ms, and 304 (103) ms 
(p <0-02 compared with a setting of 150 ms) when 
the interval was 250 ms. This reduction in left ven- 
tricular filling time was due to alterations in the tim- 
ing of mitral valve closure since the timing of mitral 
valve opening was unchanged (Fig. 6). 

Normalised left ventricular filling time was 53 
(6)% in control subjects, somewhat less in patients 

- with left bundle branch block (48 (7)%, p<0-025), 
and did not differ from normal in pacemaker 
patients with an atrioventricular interval of 50 ms 
(50 (6)%). With increasing atrioventricular intervals 
there was a significant reduction to 45 (9)% 
(p< 0-007) when the atrioventricular delay was 150 
ms, and to 38 (10)% (p<0-02 compared ‘with an 
interval of 150 ms) when the atrioventricular delay 
was 250 ms; both these values were significantly less 
than normal (p< 0-004 and p<0-001). 
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Fig.7 Correlation between left ventricular filling time and 
cycle length ın the group of normal mdimduals, m patients 
mith left bundle branch block (LBB), and in VDD 
pacemaker patients. The regression lines are given for each 
group. 


The well known correlation between filling time 
and cycle length is demonstrated in Fig. 7 for normal 
individuals (r=0-97), patients with left bundle 
branch block (r=0-98), and VDD pacemaker 
patients at an atrioventricular interval of 50 ms 
(r=0-93). Clearly these regression lines are not 
different from each other. The equation for all indi- 
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Fig. 8 Correlation between left ventricular filling tıme and 
cycle length in 19 VDD pacemaker patients at 
atrioventricular intervals of 50, 150, and 250 ms. 
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viduals was y=0 857x— 292 (r=0 96). With longer 
atrioventricular intervals, however (Fig. 8), the line 
was shifted downwards. The equations were 
y =0-909x — 334 for an atrioventricular delay of 50 
ms, y=0 892x—350 at a delay of 150 ms, and 
y=0:767x—311 when the delay was 250 ms; the 
final value is significantly different from that seen 
with an interval of 50 ms (p <0 001). 


Mitral A wave 

The onset of the mitral A wave, signifying the 
mechanical effect of atrial contraction, occurred 81 
(23) ms before the next Q wave in normal controls, 
86(28) ms before the next Q wave in patients with 
left bundle branch block, and only 5 (17) ms before 
the pacing spike in pacemaker patients in whom the 
atrioventricular interval was set at 50 ms (p<0-001 
compared with both controls and left bundle branch 
block patients). As the atrioventricular interval was 
increased in the pacemaker patients the onset of the 
mitral A wave occurred, as expected, at increasingly 
longer mtervals before the pacing spike. These 
intervals were 76 (24) ms (p<0-01) when the atrio- 
ventricular delay was 150 ms and 148 (38) ms 
(p<0 001) when the delay was 250 ms. As the mitral 
A wave occurred longer before the pacing spike it 
began to exert an effect on mitral closure not seen 
with shorter atrioventricular delays when mitral clo- 
sure occurs as a result of ventricular systole. This 
resulted in the correlation between onset of left ven- 
tricular systole and mitral valve closure being lost 
when the atrioventricular delay was long. 


Discussion 


Because of the short time available in the cardiac 
cycle and the large number of events occurring dur- 
ing it, considerable synchronisation between myo- 
cardial and valve movement is necessary if the heart 
is to function efficiently. The study of time intervals 
in the cardiac cycle has a long history.® It has mainly 
concentrated on systolic events, despite the fact that 
asynchrony during diastole is of great importance 
since any umpairment in ventricular filling must 
result in an equivalent impairment or ejection. 

In 1921 Wiggers defined the onset of systole as 
coinciding with the closure of the atrioventricular 
valves.? Subsequent use of phono- and echo- 
cardiography has shown many exceptions to this 
defininon. Considerable variation in the timing of 
mitral valve closure, which means that it does not 
necessarily coincide with the onset of mechanical 
systole, has been described in the presence of raised 
left atrial pressure,'°!! intraventricular conduction 
disturbances,!~3 atrioventricular block,*~® and 
atrial fibrillation.'? Since mitral valve closure must 
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be the end of left ventricular filling its relation to the 
onset of systole 1s of considerable importance. 

The study of patients with dual chamber pace- 
makers is of great interest. Firstly, these patients 
represent a unique physiological model in which the 
tumung of cardiac events may be studied. The inter- 
val between the normal P wave and the ventricular 
pacing stimulus which it triggers when the pace- 
maker ıs in the VDD mode can be altered by 
reprogramming the pacemaker in the absence of any 
other physiological change. Therefore the effect of 
atrial and ventricular contraction on mitral valve 
closure and its relation to the onset of mechanical 
systole can be studied over a wide range of atrio- 
ventricular intervals. Secondly, study of these 
patients provides practical information about the 
atrioventricular interval that allows the longest 
diastolic filling period and thus the most efficient 
cardiac function. 


Intraventricular conduction delay and the onset of 
systole 
The electromechanical delay, detected as the inter- 
val between the Q wave and the onset of the upstroke 
of the apex cardiogram, which coincides with the 
onset of left ventricular pressure rise,’ was about 50 
ms. This accords with previous reports.!? In the 
paced patients we studied, this electromechanical 
delay lasted considerably-longer (about 120 ms) and 
was the same for all three atrioventricular intervals. 
This delay may be partly because of slow initial 
spread of depolarisation from the right ventricular 
pacing site until it gains access to the faster special- 
ised conducting system. If this is the case some 
increase in the electromechanical delay might be 
expected in the group of patients with left bundle 
branch block. This was not found by apex cardio- 
graphy but other indicators suggest that a small 
delay does occur. Firstly, mitral valve closure was 
slightly delayed and 1s, as will be clear later, 
dependent on the onset of systole in these patients. 
Secondly, aortic valve opening, denoting the onset 
of left ventricular ejection was also delayed com- 
pared with values in normal! individuals. Others 
have found a considerable delay of right ventricular 
contraction in right bundle branch block but they 
stated left ventricular contraction is not delayed in 
left bundle branch block because they claimed to 
have demonstrated normal timing of mitral valve 
closure.” 3 

Their point of reference, however, was closure of 
the tricuspid valve. When we reanalysed their 
results with reference to the electrocardiographic Q 
wave we found a delay in mitral valve closure that is 
similar to that observed in the present study. 

Despite the differences in the intervals between 
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electrical and mechanical events in these three 
groups of patients (that is normal controls, patients 
with left bundle branch block, and patients with 
VDD pacemakers with an atrioventricular interval 
of 50 ms) the normal sequence of left ventricular 
pressure rise and mitral valve closure was main- 
tained in all three groups. All three groups showed 
the same strong linear relation between the onset of 
systole and mitral valve closure. This clearly demon- 
strates the predominant effect of the onset of systole 
in closing the mitral valve and thus ending diastole 
in all three groups despite the increasing delay in the 


onset of systole due to impaired conduction in two of | 


the groups. i 

' The phases of the cardiac cycle are often defined 
with reference to the electrocardiogram with end 
diastole being taken as coinciding with the Q wave or 
pacing spike. By this definition the period of up ‘to 
127 ms after the pacing spike would be assigned to 
systole, despite the fact that the mitral valve is still 
open. In theory this period is long enough to permit 
all of rapid left ventricular filling'* t5 although in 
practice it is more commonly used for left ventricu- 
lar filling due to atrial contraction. Similarly such 
traditional definitions of end diastole may cause con- 
siderable inaccuracy. in the assessment of end 
diastolic left ventricular dimension by echo- 
cardiographic or- scintigraphic techniques since 
some or all of the atrial contribution to ventricular 
filling will be neglected because it occurs after the Q 
wave. To avoid these problems we regard end 
diastole'as occurring at the moment when the mitral 
valve closes, and the onset of systole as the moment 
when left ventricular pressure begins to rise. 


Effect of various atrioventricular intervals on the end 
of diastole 

Each increase in the atrioventricular interval by-100 
ms in the VDD paced patients made the coaptation 
of the mitral leaflets in relation to the pacing spike 
occur 50 ms earlier. This cannot be due to the mitral 
valve being closed earlier by left ventricular con- 
traction, since the timing of the onset of systole in 
relation to the pacing spike did not change. The 
most likely explanation is that this was the result of 
a change in the mechanism causing mitral valve clo- 
sure as the atrioventricular ‘delay was increased. 
When the delay is short, closure is effected by ven- 
tricular systole, and this mechanism accords with 
the strong linear relation between the timing of the 
two events and the delay of 50 ms, At longer atrio- 
ventricular intervals atrial contraction may become 
the most important determinant of mitral closure. 
This concept is supported: by echocardiographic 
studies of mitral: closure in patients with complete 
heart block*~ 6 in whom wide variations in the inter- 
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val between atrial and ventricular contraction can be 
studied. It is suggested that atrial contraction raises 
left ventricular pressure so that as atrial systole ends 
there is a reverse pressure gradient which closes the 
valve unless ventricular systole intervenes to close it 
first. Therefore the mechanism of closure will vary 
depending on the atrioventricular interval. 

In sinus rhythm a PR interval of more than 200 
ms is required before mitral valve closure precedes 
ventricular contraction (that is as a result of atrial 
contraction).’© The situation is different in patients 
with ventricular pacing. Movement of the valve at 
various atrioventricular intervals was studied by 
cinefluorography in a patient with a Starr-Edwards 
mitral prosthesis, complete heart block, and a ven- 
tricular pacemaker.!” This showed that valve clo- 
gure preceding ventricular systole occurred at much 
shorter atrioventricular intervals (> 100 ms). Our 
study also shows that this effect often occurs when 
the interval is set at 150 ms. This difference between 
the interval required for atrial contraction to pro- 
duce mitral closure in paced patients and those 
required in sinus rhythm is due to the longer delay 
in the onset of systole with reference to the electro- 
cardiogram (pacing spike and Q wave respectively) 
in paced patients. This additional delay, which is 
approximately 80 ms, means that the functional 
atrioventricular interval lasts 80 ms longer in paced 
patients than it does in patients in sinus rhythm with 
the same electrocardiographic PR interval. There- 
fore, theoretically, atrioventricular delay settings of 
50-100 ms should be sufficient to maintain the nor- 
mal intervals between atrial and ventricular con- 
traction in paced patients. 

These observations are of considerable practical 
importance. An atrioventricular interval of 150 ms is 
commonly used when programming VDD pace- 
makers because this is erroneously thought to corre- 
spond to the functional interval in sinus rhythm. 
Our snidy, however, shows that at this setting mitral 
valve closure frequently occurred before the onset of 
ventricular systole, and thus late diastole was not 
available for ventricular filling. It is also commonly 


' thought that short atrioventricular intervals lead to 


the atrial A wave being cut off prematurely by ven- 
tricular systole. This study shows that this is not the 
case. At a setting of 50 ms the onset of the mitral A 
wave occurred 5 (17) ms before the pacing spike. 
The delay of ventricular activation until 127 ms after 
the pacing spike allowed sufficient time for a mitral 
A wave of normal duration (132 ms) to occur at this 
setting. This value for the duration of the A wave 18 
almost identical with that obtained from simulta- 
neous left ventricular and left atrial tracings in 
patients with both normal and abnormal left ventric- 
ular function.!® When the atrium and ventricle are 
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paced sequentially, the delay between the atrial 
pacing spike and atrial activation, which may vary 
between 30 and 120 ms,!° should be assessed indi- 
vidually and added to the proposed range of 50-100 
ms advocated here for the VDD mode. 

The reversed pressure gradient by which atrial 
contraction closes the mitral valve is determined by 
the force of atrial contraction.* It may be counter- 
acted if atrial contraction is weak, atrial pressure is 
high, or if blood flow is increased. These additional 
influences may explain the wide individual scatter in 
the timing of mitral valve closure at long atrio- 
ventricular intervals. There were four patients in 
whom the tming of leaflet coaptation was 
unchanged despite increasing intervals. One had 
poor left ventricular function due to previous 
anterior myocardial infarction, and there was radio- 
graphic and clinical evidence of raised left atrial 
pressure. The other three were physically fit youths 
in whom the mitral valve reopened after the A wave. 
These four patients contribute to the exceptional 
individual values seen in Fig. 8. 

Although in this study we examined only the 
sequence of haemodynamic events in the left side of 
the heart, there is no evidence that the sequence in 
the right heart is essentially different. It is well 
known that the right atrial P wave occurs about 30 
ms before depolarisation of the left atrium. 
Phonocardiographic? and invasive studies? of 
patients with left bundle branch block or right ven- 
tricular pacemakers have shown that the onset of 
contraction of both ventricles is simultaneous. Thus 
the selection of the short atrioventricular interval, 
shown in this study to benefit left ventricular filling, 
is unlikely to affect right ventricular function in an 
adverse way. 


Left ventricular filling time 

Left ventricular filling time was significantly short- 
ened in our patients with VDD pacemakers when 
the atrioventricular delay was set at 150 ms or 
longer. When the delay was 150 ms filling time was 
reduced by 60 ms and this reduction increased to 
130 ms when the delay was set at 250 ms. Timing of 
mitral valve opening was the same at all atrio- 
ventricular intervals. With an atrioventricular delay 
of 150 ms left ventricular filling time was reduced by 
a combination of reduced cycle length and earlier 
mitral valve closure. With an increase of the pro- 
grammed delay to 250 ms the further reduction in 
filling time was entirely due to even earlier mitral 
valve closure since the cycle length remained con- 
stant. The resulting interval between mitral valve 
closure and the onset of left ventricular systole of up 
to 100 ms serves neither left ventricular filling nor 
ejection. 
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This waste of time may be harmless at a normal 
heart rate and with a normal left ventricle because 
up to 80% of the left ventricular filling occurs dur- 
ing the initial rapid filling phase of diastole which 
lasts about 120 ms and the remaining 20% can easily 
be completed during diastasis and with atrial con- 
traction. Elderly pacemaker patients, however, may 
have other cardiac abnormalities such as ischaemic 
heart disease or left ventricular hypertrophy that 
lead to disturbed left ventricular diastolic function. 
Seven of our 19 patients with VDD pacemakers had 
evidence of such abnormality with delayed mitral 
valve opening consistent with left ventricular relax- 
ation abnormalities. In these circumstances the 
amount of left ventricular inflow during the early 
rapid filling period is reduced to 60% or less and 
thus the time available for left ventricular filling in 
late diastole becomes far more important and may 
determine the left ventricular end diastolic volume 
and stroke volume. 

The wasted time in late diastole with long atrio- 
ventricular intervals also becomes important during 
exercise, particularly in the presence of abnormal 
left ventricular diastolic function when the heart rate 
increases and left ventricular filling time is reduced. 
Since left ventricular fillmg time ıs strongly 
dependent on cycle length, we analysed this relation 
in all groups (Fig. 7). The regression equations were 
identical for the normal controls, patients with left 
bundle branch block, and VDD pacemaker patients 
with an atrioventricular interval of 50 ms. These 
equations show that theoretically left ventricular 
filling time would be zero at mean cycle length of 
320 ms. The relation between cycle length and 
filling time was shifted downwards as atrio- 
ventricular intervals increased. Thus with an atrio- 
ventricular interval of 250 ms the cycle length 
producing a theoretical filling time of zero increases 
to 405 ms. Therefore longer atrioventricular inter- 
vals have an increasingly greater negative influence 
on filling time as heart rate increases. We conclude 
that a short atrioventricular interval of 50 or 75 ms 
in patients with VDD pacemakers is likely to pro- 
mote more physiological conditions by maximising 
left ventricular filling time both at rest and on exer- 
cise. This is likely to be of particular benefit in the 
groups of patients who most need this type of pace- 
maker; the young who require high cardiac outputs 
at high heart rates and patients with impaired left 
ventricular diastolic function. 


References 
1 Wolferth CC, Margolies A  Asynchronism in con- 


tracuon of ventricles in so called common type of 
bundle-branch block: its bearing on determination of 


Mitral valve closure and left ventricular filling time in patients with VDD pacemakers 


side of significant lesion and on mechanism of split first 
and second heart sounds.Am Heart f 1935; 10: 425-38 

2 Braunwald E, Morrow AG. Sequence of ventricular 
contraction in human bundle branch block. Am f Med 
1957; 23: 205-11. 

3 Haber E, Leatham A. Splitung of heart sounds from 
ventricular asynchrony in bundle-branch block, ven- 
tricular ectopic beats, and artificial pacing. Br Heart J 
1965; 27: 691-6. 

4 Zaki A, Steinmetz E, Feigenbaum H, Role of atrium in 
closure of mitral valve in man. Am ¥ Physiol 1969; 217: 
1652-9, 

5 Shah PM, Dramer DH, Gramiak R. Influence of the 
timing of atrial systole on mitral valve closure and on 
the first heart sound in man. Am f Cardiol 1970; 26: 
231-7. 

6 Burggraf GW, Craige E. The first heart sound in com- 
plete heart block: phono-echocardiographic cor- 
relations. Circulation 1974; 50: 17-24. 

7 Venco A, Gibson DG, Brown DJ. Relation between 
apexcardiogram and changes ın left ventricular pres- 
sure and dimension. Br Heart J 1977; 39: 117-25. 

8 Lewis RP, Rittgers SE, Forester WF, Boudoulas H. A 
critical review of the systolic time intervals. Crrculation 
1977; 56: 146-58. 

9 Wiggers CJ. Studies on the consecutive phases of the 
cardiac cycle. I. The duration of the consecutive phases 
of the cardiac cycle and the criteria for their precise 
determination. Am'% Physiol 1921; 56: 415-38. 

10 Wells B. The assessment of mitral stenosis by pho- 
‘nocardiography. Br Heart F 1954; 16: 261-6. 


363 


11 Blomer H, Rudolph W. Kimische Kriterien zur 
Erfassung der Hohe des linken Vorhofdruckes bei 
Mutralstenosen. Z Kretslaufforschung 1959; 48: 350-62. 

12 Cieslinska A, Hur WKK, Oldershaw PJ, Gregoratos G, 
Gibson D. Interaction between systolic and diastolic 
time intervals in atrial fibrillation. Br Heart F 1984; 51: 
431-7. 

13 Harris WS. Systolic time intervals in the noninvasive 
assessment of left ventricular performance in man. In‘ 
Mirsky J, Ghista DN, Sandler H, eds. Cardiac mechan- 
ws: physiological, chmcal and mathemancal consid- 
erations New York and London: John Wiley, 1974: 
233-92. 

14 Gibson DG, Brown D. Measurement of instantaneous 
left ventricular dimension and filling rate in man, using 
echocardiography. Br Heart F 1973; 35: 1141-9 

15 Hui WKK, Gibson DG. Mechanisms of reduced left 
ventricular filling rate in coronary artery disease. Br 
Heart F 1983; 50: 362-71. 

16 Craige E. On the genesis of heart sounds. Con- 
tributions made by echocardiographic studies. Circu- 
lanon 1976; 53: 207-9. 

17 Hamby RJ, Aintablian A, Wisoff BG. The role of atrial 
systole in valve closure. Chest 1973; 64: 197-202. 

18 Braunwald E, Frahm C. Studies on Starling’s law of 
the heart IV. Observations on the hemodynamic func- 
tons of the left atrium in man. Circulation 1961; 24: 
633-42. 

19 Alt E, Wirtzfeld A, Seidl K, Haller F, von Bibra H, 
Sauer E. Delayed atrial excitation following bifocal 
pacemaker stimulation. Z Kardiol 1983; 72: 245-8. 


Br Heart F 1986; 55: 364-70 


Auscultatory characteristics of normally functioning 
Lillehei-Kaster, Bjork-Shiley, and St Jude heart 
valve prostheses 
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SUMMARY Auscultatory and echocardiographic and phonocardiographic studies were performed 
on 26 patients who had a total of 11 Lillehei-Kaster, 16 Bjérk-Shiley, and 18 St Jude heart valve 
prostheses functioning normally in the aortic or mitral positions or both. With all types and 
positions of prostheses a distinct closing sound was always detected. It was frequently heard in 
two parts which, according to echocardiographic and phonocardiographic studies, resulted from 
the onset and completion of the valve closure. An opening sound could be heard from all Björk- 
Shiley and St Jude valves but from only four of the 11 Lillehei-Kaster valves. The opening 
sounds due to mitral prostheses consisted of two to three closely spaced clicks detected as a faint 
early diastolic crackle on auscultation. Echocardiography with phonocardiography indicated that 
they were related to the onset and termination of the disc opening excursion. In the aortic position 
the valves always produced early to mid-systolic murmurs, and a soft early diastolic murmur was 
also heard in seven of 23 patients. A mid-diastolic ramble was heard in 12 of 22 patients with 
mitral prostheses. 

Normally functioning tilting disc valve prostheses produce characteristic auscultatory findings, 
and familiarity with these findings will be useful in clinical evaluation of patients with these 
prostheses. 


The development and adoption of more and more 
sophisticated diagnostic techniques may have over- 
shadowed the value of simple clinical skills ın cardi- 
ology. The latest trends in the assessment of 
prosthetic heart valve function are an example of 
this. Although cardiac auscultation was used to eval- 
uate the ball-in-cage valves of the 1960s,! non- 
invasive studies of the more recently introduced 
tilting disc valves have relied mainly on echo- 
cardiography and phonocardiography,?~* cine- 
fluoroscopy,°® or Doppler echocardiography.’ ® 
Not one original investigation describes in detail the 
valves’ auscultatory characteristics. Yet, as Mintz et 
al have shown,” careful auscultation may be more 
sensitive and more specific than echocardiography 
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and phonocardiography or cinefluoroscopy in de- 
tecting prosthesis malfunction. To identify an ab- 
normality the clinician must become familiar with 
the range of normal findings associated with the 
most commonly used prosthetic valves. 

We describe the auscultatory characteristics of 
normally functioning Lillehei-Kaster, Bjork-Shiley, 
and St Jude prostheses in a group of patients who 
had had uneventful double valve operation at our 
hospital. To confirm and explain the auscultatory 
observations we also present the relevant echo- 
cardiographic and phonocardiographic findings in 
these patients. 


Patients and methods 


The study group consisted of 26 patients (nine men 
and 17 women; mean age 56 years, range 32-69) who 
had normally functioning uni-leaflet or bi-leaflet 
tilting disc valve prostheses in the aortic or mitral 
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positions or both. They were examined in 
July-August 1983, a mean of 37 months after oper- 
ation (range five months to 10 years). Routine phys- 
ical examination, 12 lead electrocardiogram, chest x 
ray, atid laboratory tests were also performed. Pros- 
thetic valve function was judged to be normal if 
there had been (a) an uncomplicated postoperative 
course; (b) no embolic episodes; (c) no clinical signs 
or symptoms of prosthesis obstruction or paravalvar 
regurgitation; (d) no haemolytic anaemia; and (e) 
normal movements of the valve disc(s) on echo- 
cardiography, provided the examination was of tech- 
nically acceptable quality. -Most patients had 
undergone double valve replacement and a total of 
45 tilting disc valve prostheses had been implanted, 
23 in the aortic and 22 in the mitral position. These 
included 11 Lillehei-Kaster, 16 Bjérk-Shiley, and 
18 St Jude valves. At the time of our study 13 
patients were in sinus rhythm and 13 had atrial 
fibrillation. 


AUSCULTATION 
We performed cardiac auscultation over different 
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Fig. 1 Echophonocardiogram of a Lallehei-Kaster aortic 
valve prosthesis shounng the motion of the disc (arrowheads) 
within the aortic root and the simultaneous phonocardiogram 
and electrocardwogram (bottom of the figure). The 
phonocardtogram shows one opemng click (thick arrows), 
two closing clicks (thin arrows), and an ejection type systolic 
murmur. The vertical lines show the timing of the clicks in 
relation to the disc movements. The patient also had a 
Bjork-Shiley mitral valve which produced three early 
diastolic clicks (asterisks) on opemng. 
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areas of the chest wall using both the diaphragm and 
the bell of the stethoscope and with the patient ın the 
supine, left lateral, and sitting positions. We noted 
the quality, intensity, and variation of the prosthesis 
clicks as well as of the site at which they were loud- 


- est. We also noted the quality, intensity, localisation, 


and duration of any systolic or diastolic murmur. 


PHONOCARDIOGRAPHY AND 
ECHOCARDIOGRAPHY 
The phonocardiographic recordings were made by 
means of a suction type IREX heart sound micro- 
phone and the fibreoptic strip chart recorder in an 
TREX System III echocardiograph. The micro- 
phone was placed over the site of the peak auscul- 
tatory intensity of the sound or murmur of interest 
not on any standard phonocardiographic area. The 
filter settings were chosen according to whether 
prosthesis clicks and high frequency murmurs or 
low frequency mitral murmurs were to be recorded. 
The chart speed was 100 mm/s. 

The echocardiographic studies were performed 
with the IREX System III echocardiograph 


equipped: with a medium focused 2-25 MHz, 0-5 
` inch transducer. The aortic valve studies were made 


either from the left parasternal area or from the right 
supraclavicular fossa, and the mitral studies from 
both the left parasternal and apical areas. Once the 
motion of the valve disc(s) was clearly seen on the M 
mode screen it was recorded on dry silver paper 
simultaneously with an electrocardiogram and a 
phonocardiogram (see above) at a speed of 100 
mm/s. Satisfactory echocardiograms were obtained 
from 17 of the 23 aortic valve prostheses and from 19 
of the 22 mitral prostheses. The recordings were 
scrutinised visually to’ determine the timing of the 
valve clicks in relation to the movements of the disc. 


Results 


LILLEHEI-KASTER VALVE 

The 11 Lillehei-Kaster valves were all in the aortic 
position. A single, low intensity opening click was 
heard in four patients and in another four the click 
could be recorded but not heard (Fig. 1). The clos- 
ing sound invariably consisted of two parts, a sharp 
low intensity component and a high intensity metal- 
lic click (Fig. 1), that were readily distinguishable by 
attentive auscultation. A grade 2-3/6 ejection sys- 
tolic murmur was heard in all patients. It usually 
filled most: of systole, peaked at or slightly before 
mid-systole, and was quite harsh in some patients 
(Fig. 1). A palpable thrill was noted in one patient. A 
short early diastolic-high frequency murmur of 
grade 1-2/6 intensity was detected in four patients 
on auscultation but not on phonocardiography. 
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BJORK-SHILEY VALVE 

There were 15 Bjérk-Shiley valves in the mitral pos- 
ition. Both opening and closing sounds were invari- 
ably audible. The opening sound consisted of 
several sharp but faint clicks which produced a char- 
acteristic crackling sound in early diastole. Phono- 
cardiography showed that there were two to three 
closely spaced opening clicks in each patient (Fig. 2a 
and 2b). The closing sound was usually heard as a 
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Fig 2 ` Echophonocardtograms of Byork-Shnley miral (a, 


opening clicks and one (b) or two (a,c) closing clicks were 


~ recorded; the thick and thin arrows point at the opening and 


closing clicks respectwwely. 


single intense click (Fig. 2b), but a second minor 
click was distinguishable before the major closing 
sound in five patients (Fig. 2a). A grade 2/6 rum- 
bling mid-diastolic murmur was heard and recorded 
in eight of 15 patients (Fig. 3). 

One patient had a Bjdrk-Shiley valve in the aortic 
position. Both the opening and closing sounds were 
heard in two parts, and a short grade 2/6 early sys- 
tolic murmur was detected as well (Fig. 2c). 
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Fig 3 A low frequency phonocardiogram showing the md-diastolic rumble (arrow) in a patient with a Byork-Shiley 


mitral valve prosthesis. The rhythm is slow atrial fibrillation 








ST JUDE VALVE 

There were 11 St Jude valves in the aortic position. 
An opening sound was always heard, usually as a 
single low intensity click (Fig. 4a), but two clicks 
were detectable in one patient (Fig. 5). The closing 
sound typically had two components (Fig. 5), but in 
two patients only one, high intensity click was found 
(Fig. 4a). A grade 2/6 short and soft early to mid- 
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Fig.4 Echophonocardiograms of St Jude aortic (a) and 
mural (b) valve prostheses. The aortic valve produces one 
opemng click and one closing click (a) whereas the mtral 
valve gives rise to two clicks on opemng and one to two on 
closing (b). The opening and closing clicks are indicated by 
the thick and thin arrows respectively. The arrowheads show 
the two echoes from the leaflets of the aortic valve (a). The 
mitral valve recording was made at an apical transducer 
position and therefore the motion of one leaflet only ıs seen 
(b). 


systolic murmur was heard in all patients and a 
grade 1-2/6 early diastolic murmur in three. 

Seven patients had a St Jude valve in the mitral 
position. A faint, crackling opening sound was heard 
on careful auscultation in all. Phonocardiography 
showed that the sound was composed of two or, 
rarely, three separate clicks of low intensity (Figs. 4b 
and 5). The closing sound was single in four patients 
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Fig.5 A high frequency phonocardtogram of a patient with 
aortic and mtral St Jude valves. Note the double opening 
and closing chicks from both the aortic (thin arrows) and 
mitral (thick arrows) valve prostheses. 


and had two distinct components in three (Fig. 5). A 
grade 2/6 mid-diastolic rumble was heard and 
recorded in four patients. 


GENERAL OBSERVATIONS 

The aortic valve clicks were heard best in the middle 
or lower left parasternal area. Also the mitral valve 
clicks were usually best distinguished in this area 
and only exceptionally over the cardiac apex. The 
intensity of both aortic and mitral valve opening 
sounds varied with respiration in some patients; 
their audibility was greatest at end expiration. The 
intensity of the mitral valve closing sound varied in- 
versely with the duration of the preceding diastole in 
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patients with atrial fibrillation. After prolonged 
pauses the normal closing sound of the Bjork-Shiley 
valve, but no: that of the bi-leaflet St Jude valve, was 
on occasion absent and was replaced with a faint late 
diastolic crackle that indicated presystolic valve 
closure (Fig. 6). 

The diastolic murmurs produced by the mitral 
Byj6rk-Shiley and St Jude valves were similar in 
quality, intensity, and duration and resembled the 
rumble of mild native valve mitral stenosis save for 
the lack of a presystolic component even in patients 
in sinus rhythm. The murmur could be accurately 
localised to the apical area and was most easily de- 
tected when the patient lay in the left lateral posi- 
tion. The systolic murmurs from the aortic 
prostheses were best heard in the left parasternal 
area. They were of an “innocent’’ nature in all pa- 
tients with a St Jude aortic prosthesis but resembled 
mild native valve aortic stenosis in several patients 
with Lillehei-Kaster valves. Neither the presence 
nor the intensity of systolic or diastolic murmurs 
correlated with the prosthetic valve size. 

The timing of the prosthetic valve clicks in re- 
lation to the disc movements on echocardiography 
was the same irrespective of the type or position of 
the prosthesis. Single opening or closing clicks coin- 
cided with the onset of the disc opening motion or 
with the completion of its closure. When multiple 
clicks were detected, both the onset and the termi- 
nation of the disc opening or closing excursion had 
their audible and recordable counterparts (Figs. 1, 2, 
4, and 6). 
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Fig 6 Echophonocardiogram of a Bjork-Shiley mitral valve in a patient who had slow atrial fibrillation Note the 
presystolic valve closure and simultaneous small clicks (arrows) on the phonocardiogram. Two opening clicks are also recorded 


(asterisks). 
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Discussion 


CLICKS 

Itis well known that the tilting disc valve prostheses 
produce closing sounds which are distinct and easily 
detectable during routine cardiac auscultation. °? 
Their attenuation or loss in serial examinations indi- 
cate prosthesis malfunction, usually thrombosis or 
tissue ingrowth.'! +? The present study adds to this 
knowledge by showing that irrespective of the type 
or position of the prosthesis the normal closing 
sound may be heard and recorded in two parts pro- 
duced by the onset and termination of the disc clos- 
ing excursion. In theory, loss of a previously 
detectable minor component of a closing sound 
could be the first signal of incipient valve throm- 
bosis, but as yet we have no positive evidence to 
support this. 

According to recent authoritative reviews, !° +? the 
tilting disc valves produce little or no sound on 
opening. This belief is based on a few reports? * '* !5 
which focused on echocardiographic examination 
and paid less attention to the details of phono- 
cardiography, and often made no mention of auscul- 
tatory findings.* 1415 We have showed that apart 
from the Lillehei-Kaster valve, which can open 
silently, normally functioning tilting disc valves in- 
variably produce audible and recordable sounds on 
opening. Furthermore, the opening sound may con- 
tain multiple clicks, particularly when the valve is in 
the mitral position. Smith et al, Feldman et al, and 
Raizada et al also found recordable opening clicks in 
patients with St Jude valve prostheses.!° 1617 
According to Smith et al the opening click of the St 
Jude aortic valve is recorded only after complete 
opening of the leaflets and 1s caused by turbulent 
transvalvar flow.!° We did not confirm their obser- 
vation and cannot agree with their theory because we 
found that the opening clicks of the St Jude valve 
coincided either with onset alone or with onset and 
termination of the opening motion of the valve 
leaflets (Fig. 4). The clinical importance of tilting 
disc valve opening sounds has not been established, 
but some reports suggest that alterations in the 
opening sound may be an even more sensitive indi- 
cation of evolving valve thrombosis than alterations 
in the closing sound.!® 19 


MURMURS 

Recordable murmurs are common in patients with 
normally functioning tilting disc valve prostheses. 
Gibson et al found mid-diastolic rambles in 14 of 20 
patients with Lillehei-Kaster mitral valves? and 
DePace et al recorded similar murmurs ın six of 28 
patients with St Jude mitral prostheses.* In the 
present study, a rumbling mid-diastolic murmur 
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was easily heard in more than 50% of patients with 
mitral valve prostheses and a systolic ejection type 
murmur was heard in all patients with aortic pros- 
theses. These “normal” murmurs indicate turbulent 
flow and may partly result from the small pressure 
gradients present across all types of artificial 
valves.?° Any prolonged diastolic mitral rumble or a 
delayed peak systolic aortic valve murmur are ab- 
normal and suggest prosthesis obstruction.!° The 
systolic murmur produced by the Lillehei-Kaster 
prosthesis in the aortic position was clearly more ın- 
tense and longer in duration than that produced by 
the St Jude at the same site. This can be accounted 
for by the higher pressure gradients measured across 
the Lillehei-Kaster valve in the aortic position.?° 

Evidence from the present study supports the 
view that short early diastolic murmurs may some- 
times be heard in patients with apparently normally 
functioning tilting disc aortic valve prostheses.’° 
These murmurs result from the mild regurgitation 
permitted by the valve design.?° Any murmur ex- 
tending into the latter half of diastole or associated 
with other signs of aortic insufficiency should arouse 
suspicion of paravalvar regurgitation. Although tilt- 
ing disc mitral valve prostheses may generate soft 
systolic murmurs,” their normal auscultatory char- 
acteristics do not include a pansystolic mitral regur- 
gitant murmur of any intensity. 


Conclusions 


Normally functioning Lillehei-Kaster, Bjork- 
Shiley, and St Jude heart valve prostheses generate 
characteristic and easily recognisable auscultatory 
findings. Distinct and frequently double clicks are 
heard on valve closing and, apart from the Lillehei- 
Kaster valve which not uncommonly opens silently, 
these valves also regularly produce audible sounds 
on opening. Multiple opening clicks do not indicate 
prosthesis malfunction. In the aortic position these 
valves always give rise to early or mid-systolic mur- 
murs, and on occasion a short early diastolic mur- 
mur may be heard as well. Mitral valve prostheses 
produce mid-diastolic rumbles ın more than half the 
patients. Familiarity with these normal findings 
should help clinicians to take full advantage of the 
auscultatory findings when examining patients with 
these prostheses. 
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Late results of right ventricular outflow tract 
reconstruction with Bjork-Shiley valved conduits 
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SUMMARY Between 1971 and December 1976, 27 children with congenital heart disease under- 
went right ventricular outflow tract reconstruction with conduits incorporating a Bjérk-Shiley 
valve. The conditions corrected were pulmonary atresia with ventricular septal defect 
(14 patients), truncus arteriosus (6 patients), and complex disease (7 patients). At operation the 
children were aged from 12 days to 16 years (five patients were less than one year old). Overall 
mortality for the group was high (52% ). There were nine early deaths and five late ones. Actuarial 
survival till death or reoperation was 55% at four years, 35% at eight years, and 28%, at 12 years. 
Ten children subsequently underwent reoperation for conduit stenosis caused by neointima! 
proliferation and valve obstruction. The new conduits incorporated a biological valve. 
Mortality was highest in patients aged less than one year, and in those with truncus arteriosus, 
severe pulmonary hypertension, or complex heart disease. Mechanical valves should be avoided 


in conduit reconstruction of the right ventricular outflow tract for congenital heart disease. 


In 1971 we started to use a Bjérk-Shiley tilting disc 
aortic valve prosthesis incorporated into a Dacron 
vascular graft for the repair of various complex car- 
diac malformations including pulmonary atresia, 
transposition of the great arteries with ventricular 
septal defect, and truncus arteriosus. Initial experi- 
ence with this valved conduit was promising; there 
was no valve dysfunction for up to three years post- 
operatively.! 

We now present our long term experience with 
this conduit in 27 children. 


Patients and methods 


Between March 1971 and December 1976, 27 chil- 
dren underwent right ventricular outflow tract 
reconstruction with Bjérk-Shiley valved conduit. 
Fourteen children with pulmonary atresia and ven- 
tricular septal defect underwent repair. Six infants 
with truncus arteriosus also had conduit recon- 
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struction of the right ventricular outflow tract. 
Other forms of complex congenital disease were also 
repaired by this technique including tetralogy of 
Fallot, double outlet right ventricle, single ventricle, 
and transposition of the great arteries with ventricu- 
lar septal defect (Table 1). 

Seventeen (63% ) of the children had had previous 
systemic to venous shunts in an attempt to relieve 
cyanosis and promote growth in the pulmonary cir- 
culation (Blalock-Taussig eight patients, Waterston 
seven patients, Potts two patients). Pulmonary 
artery banding had been performed to reduce the 
pulmonary circulatory flow in two infants with trun- 
cus arteriosus. 

Table 1 Indications for valve implant in 27 patients 


Indication No 





Truncus 6 
TGA with VSD i 
Pulmonary atresia with VSD i4 
Tetralogy of Fallot l 
Complex: DORV 2 

Taussig-Bing j 

Single ventricle 2 


esasan 
TGA, transposition of the great arteries; VSD, ventricular septal 
defect; DORV, double outlet right ventricle. 
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Patients were aged from 12 days to 16 years. Five 
(18%,) children were aged less than one year at 
operation. 


TECHNIQUE 

Routine cardiopulmonary bypass with hypothermic 
circulatory arrest was performed in all patients. We 
have described this technique elsewhere.'? The 
Bjérk-Shiley prosthesis was fixed into the conduit 
during the period of core cooling, usually by means 
of a continuous suture technique. We used twenty 
three straight tubular grafts, ranging from 16 to 28 
mm in diameter, and four bifurcation grafts. The 
valve prosthesis size ranged from 17 mm to 27 mm, 
and valves with pyrolytic carbon discs were used in 
all except one of the patients. Twenty one (77%) 
children had a valve size 221 mm. 

After systemic cooling to 17-18°C repair was per- 
formed during a period of circulatory arrest which 
lasted from 15-77 minutes (mean 57 minutes). 

We opened the right ventricular outflow (usually 
longitudinally or parallel to major coronary 
branches), avoiding damage to major coronary arte- 
ries. Ventricular septal defects were closed with a 
patch of Dacron. The conduit was then cut to length 
and the distal anastomosis was performed either to 
the main pulmonary artery, when this was present, 
or to the confluence of right and left pulmonary arte- 
ries. In two patients the bifurcation grafts had to be 
anastomosed separately to each pulmonary artery, 
leaving the division of the graft astride the ascending 
aorta (truncus). 

The proximal anastomosis was constructed after 
the graft end had been cut obliquely to allow the 
graft to assume a gentle curve after it had been 
sutured to the right ventricle; this was done to pre- 
vent conduit compression or distortion after sternal 
closure. Warfarin anticoagulation was not routinely 
used in all patients. 


Results 


MORTALITY 

Early—-Nine children died at or soon after oper- 
ation (Table 2). Three children, all with truncus II, 
aged less than 4 months died at operation; two of 
them were moribund before operation. One child 
with pulmonary atresia and ventricular septal defect 
died after unrecognised injury to the left anterior 
descending artery. No death was due to valve dys- 
function. 

Late~~-Five children died more than 30 days after 
operation (Table 2). Two children (with double out- 
let right ventricle and pulmonary atresia with ven- 
tricular septal defect) died suddently at 3 months 
and 3% years respectively, presumably from an 
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arrhythmia. In both cases the valved conduit was 
examined at necropsy and found to be functioning 
adequately. 

One child (with pulmonary atresia and ventricular 
septal defect) underwent reoperation four years later 
because of intimal flap proliferation and conduit 
stenosis. This child subsequently died at a second 
reoperation procedure (for a failed Hancock bio- 
prosthesis) eight years after the original operation. 
Another child (pulmonary atresia with ventricular 
septal defect) died suddenly at recatheter study for 
right ventricular outflow tract obstruction (six years 
after operation). Necropsy showed a massive neo- 
intimal prolapse and acute Bjérk-Shiley valve 
obstruction. 

Actuarial survival till death or reoperation was 
55°, at four years, 35°, at eight years, and 28°% at 
12 years (Fig. 1). 


REOPERATION 

Of the 18 children who survived operation, 10 
(55%) subsequently underwent reoperation for 
right ventricular outflow tract obstruction. All these 
children had important neointimal proliferation in 
the conduit; in two children the Bjérk-Shiley valve 
was both partly obstructed and fixed in a semi-open 
position. 

In five children the new conduit contained a Han- 
cock bioprosthesis (usually a 25 mm one). The 
remaining five had Carpentier-Edwards porcine 
bioprostheses (range 22-25 mm). Of the patients 
undergoing reoperation, two subsequently had fur- 
ther repeat operations. One child (pulmonary atresia 
with ventricular septal defect) died at reoperation 
for right ventricular outflow tract obstruction in a 
Carpentier-Edwards conduit; the other child (pul- 
monary atresia with ventricular septal defect) also 
underwent successful replacement of a Hancock 
prosthesis with a Carpentier-Edwards bioprosthesis 
because of staphylococcal endocarditis. 

Only four patients are still alive with the original 
Bjork-Shiley valve conduit in situ. Two of these 
have mild degrees of right ventricular outflow tract 
obstruction, with slightly increased right ventricular 
pressures (16-20 mm) at restudy. 


Discussion 


Both valved and non-valved conduits have been 
used successfully for right ventricular outflow tract 
reconstruction. ? 77 Our group of 27 children under- 
going right ventricular outflow tract reconstruction 
with a Bjérk-Shiley valved conduit represents a 
unique long term experience of a mechanical valve in 
this position. 

The size of the Bjérk-Shiley valves ranged from 
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Table 2 Early and late mortality in children undergoing operation 








Pathology Age at operation Cause 
Early mortality (n = 9): 
Truncus 12 days Low output 
Truncus 3 mnth Low output 
Truncus 4mnth Low output 
Truncus óyr Pulmonary oedema 
Pulmonary atresia/VSD 4yr LAD injury 
Pulmonary atresia/VSD 4yr Low output 
Single ventricle 12 yr Low output 
Single ventricle 16 yr Low output 
DORV 51 yr Atrioventricular dissociation 
Late mortality (n= 5): 
Pulmonary atresia/VSD lyr Pulmonary hypertension 
Pulmonary atresia/ VSD 2yr ? Arrhythmia 
Pulmonary atresia/VSD Syr ‘Two repeat operations 
Pulmonary atresia/ VSD 7yr Valve obstruction 
DORV 13 yr ? Arrhythmia 


VSD, ventricular septal defect; DORV, double outlet right ventricle; LAD, left anterior descending coronary artery. 


17 to 27 mm. Most of the valves implanted (21 
patients) were in sizes consistent with adult needs 
(size 21 mm), and would certainly be adequate for 
growth of the patients. Although the children were 
not routinely anticoagulated, valve thrombosis or 
pulmonary embolism was not clinically apparent. 
Mortality for the whole group was high (52°,). 
Actuarial survival (till death or reoperation) was 
55% at four years and 28%, at 12 years. Operative 
mortality was high (33°), but, bearing in mind the 
severity of disease, the age of the patients, and the 
lack of sophisticated techniques of myocardial pre- 
servation (except deep hypothermia) when these 
operations were done, the results are not unreason- 
able. Early mortality was worst for children with 
truncus (four cases) or complex disease (three cases) 
and those in whom pulmonary hypertensive disease 
(four cases) was developing. Although the relation 
between mortality and age at operation is not statis- 
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Fig. 1 Actuarial survival till death or reoperation for 


patients after right ventricular outflow tract reconstruction 
with conduits with Bjérk-Shiley valves. 


tically significant for the total group, three (60%) of 
five patients aged <1 year died at or soon after oper- 
ation. 

The development of stenosis of the valved conduit 
and the need for catheter restudy was established 
clinically by an increase in fatigue, a pulmonary 
outflow murmur of increasing intensity, and signs of 
right ventricular overactivity or failure. Some work- 
ers have suggested that catheter restudy should be 
routinely performed after operation as an objective 
measure of pulmonary tract stenosis.* 58719 

Heck er al have reported catheter data obtained 
one year or more after operation; 57°, of their 
patients had a moderate to severe pressure gradient 
across the valved conduits at catheter restudy (both 
homograft and heterografts), despite the fact that 
88%, of them were symptom free.® We feel that some 
caution should be exercised. One patient in our 
series had a sudden fatal valve obstruction after the 
neointimate peel had been dislodged at catheter 
restudy. The peel is often only tenuously attached to 
the Dacron conduit®~*!!~'3 and is easily detached 
and may lead to acute valve obstruction or massive 
pulmonary embolism. We now routinely assess the 
outflow tract by means of cross sectional echo- 
cardiography before catheter restudy. 

Recurrent or residual valved conduit obstruction 
has many causes: conduit compression, valve steno- 
sis or obstruction, and the development of a neo- 
intimal peel causing conduit stenosis. Bailey er al 
reported that conduit compression between sternum 
and heart was the commonest cause of right ventric- 
ular outflow tract obstruction in their patients (five 
of 68 patients).'* We have not experienced this 
difficulty in our patients. 

The frequency of conduit compression has 
decreased considerably in later series and this has 
been due to improvement in surgical technique. 
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Compression is best avoided by siting the valve as 
far distally as possible'* and by having the conduit 
in a reversed “C” location in the mediastinum—to 
the left with levocardia and to the right side with 
dextrocardia and levoposition of the aorta.'*~'® 
Removal of the posterior table of the sternum has 
also been suggested, but this should not be necessary 
if the conduit has been well orientated laterally by 
the above technique.'® None the less whatever tech- 
nique is used, there seems to be evidence that con- 
duit compression may be related to growth of the 
heart or to ventricular hypertrophy.” 

Valvar stenosis or obstruction is common in those 
conduits that incorporate a heterograft or homograft. 
Agarwal eż al reported that porcine valvar stenosis 
was the commonest cause of obstruction in their 
series (38",,).'' In almost all reported series, obstruc- 
tion has been mainly due to calcific valvar steno- 
sis.’ 17-2? Calcific stenosis is a well known compli- 
cation of aortic homografts in the pulmonary 
position, but this stenosis mainly affects the wall of 
the homograft and later the valve leaflets. Excellent 
long term results with aortic homografts for right 
ventricular outflow tract reconstruction have 
recently been reported by Ross and Somerville; they 
reported a low late reoperation rate (11-5°,,) for con- 
duit stenosis (at 10 years) in three of 26 patients fol- 
lowed for more than 10 years.?? Stark er al use an 
aortic homograft as their conduit of choice for the 
right ventricular outflow tract and they have noted a 
similar low late reoperation rate (16 out of 170, 
9-4°,,.°* Both groups also implicate the Dacron 
patch that is used to bridge discontinuity between 
the homograft and the right ventricle as the cause of 
obstruction by a neointimal peel. This problem can 
be avoided by use of an aortic homograft with its 
anterior leaflet of the mitral valve as a patch. Alter- 
natively, it is easy to use pericardium as a patch? ?* 
and thus avoid all prosthetic material in the recon- 
struction of the right ventricular outflow tract. 

In our series the major cause of recurrent right 
ventricular outflow tract obstruction was the devel- 
opment of a proliferative neointimal peel in the Dac- 
ron conduit. It seems that the development of neo- 
intimal peel is inevitable.''~'*?* There is evidence 
that the valve itself may exacerbate peel formation. '* 

A fibrous peel was present in all of the 10 children 
undergoing reoperation, and in varying degrees it 
obstructed the conduit on both sides of the Björk- 
Shiley valve. Small amounts of thrombus, both old 
and new, were also found in the Bjérk-Shiley valve 
mechanism itself. In one case the valve was partly 
obstructed and fixed in an open regurgitant position 
by peel prolapse and thrombus. In another case the 
largest peel was found distal (Fig. 2) to the valve and 
the proximal peel was thinner and adhered to the 
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Fig. 2 


Thick fenesirated and friable neointimal peel in 
distal conduit. 


Dacron graft. 

The reoperation rate is high (52% of survivors), 
and compares unfavourably with reported 
reoperation rates of 0-8°,,-30",, for conduit stenosis 
in the presence of biological valves.'7?* Devel- 
opment of this neointimal peel is slow. The time of 
reoperation varies between four and 10 years (mean 
five years) and in our experience most patients 
requiring reoperation present in the fifth post- 
operative year. 

The conduit with Bjork-Shiley valve has not per- 
formed well in the right ventricular outflow tract 
because of the inevitable development of neointimal 
proliferative conduit stenosis with subsequent valve 
malfunction, Our experience suggests that mechan- 
ical valves should be avoided in right ventricular 
outflow tract reconstruction. 
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Accessory mitral valve tissue causing left ventricular 
outflow tract obstruction 
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SUMMARY Although left ventricular outflow tract obstruction is commonly associated with con- 
genitally corrected transposition of the great vessels, this obstruction is seldom caused by acces- 
sory mitral valve tissue. Three cases in which accessory mitral valve tissue caused left ventricular 
outflow tract obstruction in children are described. Two had congenitally corrected transposition 
and one had normally connected great vessels. The accessory leaflet tissue, which was identified 
by echocardiography and angiography, was attached by chordae tendineae to normally sited 
papillary muscles and herniated into the left ventricular outflow tract during systole. 

Operation was successful in these patients. The accessory valve tissue was excised via an 
arteriotomy in the great vessel that arose from the left ventricle. The obstructive tissue was excised 
close to its peripheral attachments in the outflow tract and its chordae tendineae. were divided. 
Resection was performed without injury to the abnormally placed conduction system or to the 
normal valve structures. 


In congenitally corrected transposition the outflow 
of the right sided morphologically left ventricle to 
the pulmonary artery is obstructed in 33% to 50% of 
cases. This obstruction may be at the level of the 
pulmonary valve but is more commonly subvalvar. 
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Also in about 80% of all cases of corrected trans- 


position with pulmonary stenosis a ventricular septal 
defect is present, and in a third of these cases there 
are morphological tricuspid valve anomalies.'~3 

We report three patients with accessory mitral 
valve tissue which caused left ventricular outflow 
tract obstruction in two children with congenitally 
corrected transposition and in one child with 
normally connected great vessels. 


Table Accessory mitral valve tissue causing left ventricular outflow tract obstruction 








Patunt Sex Ane Pathology Pressure Operanon Result 
Jr, 
in the out- 
flow tract of 
the morpho- 
logical left 
ventricle 
(mm Hg) 
1 M 8 ee corrected 112 Pulmonary vaivoroiny sad. moo Wel, residual 
si of accessory M tent of 
stenosis, accessory MV tissue ussue via MPA fp can He 
2 M 15 Congenitally corrected 103 Resection of accessory Yi 
transposition, accessory MV 
MV tissue 
3 F 7 Accessory MV ussue, muscular 80 Re-do 
subaortic stenosis MV tissue, hmited m ectomy 
myomectomy for SAS, two 
years after 
operation 


MV, mitral valve; MPA, main pulmonary artery, SAS, subsortic stenosis 
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Fig. 1 Selective left ventriculography (a and b) in tw 
cases of congenitally corrected transposition. (c) Retrograde 
left ventriculography in the patient (case 3) with norma 
ventriculoarterial connections. Accessory mitral valve tissue 
in cases 1 and 2 is seen as a domed filling defect in the 
ventricular outflow tract (thin arrows) beneath level of 
pulmonary valve (thick arrows). In case 3 accessory mitr 
valve tissue (thin arrows) is seen as flap obstructing the 
ventricular outflow tract. Ao, aorta; LV, left ventricle; 
PA, pulmonary artery. 


Patients and methods left ventricular outflow tract obstruction (Table 
Two children (cases 2 and 3) had dyspnoeic grad 

Between 1980 and 1984 three children (aged 6-15 New York Heart Association class heart disease. Th 

years) presented at this hospital for investigation of other child was symptom free but presented wit! 
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murmur. Two children (cases 1 and 2) had con- 
genitally corrected transposition; one of them (case 
2) also had a ventricular septal defect which had 
closed spontaneously before operation. The remain- 
ing child (case 3) had normally connected great ves- 
sels but also had some muscular subaortic stenosis. 
All patients had left ventricular outflow tract gra- 
dients > 80mm Hg (range 80-112 mm Hg). 

All patients had selective ventriculography and 
cross sectional echocardiography. 


Results 


VENTRICULOGRAPHY 

Selective ventriculography demonstrated the acces- 
sory mitral valve tissue as dome shaped filling defects 
in the left ventricular outflow tract during systole. 
These defects were difficult to visualise during 
diastole when the valve tissue collapsed back into the 
body of the ventricle (Fig. 1). 


ECHOCARDIOGRAPHY 

Cross sectional echocardiography was performed in 
all three children. Both short axis and long axis views 
demonstrated a mobile filling defect which moved 
rapidly into the left ventricular outflow tract during 
systole and then prolapsed back into the body of the 
ventricle during diastole (Fig. 2a and b) 


OPERATION 
Cardiopulmonary bypass with moderate hypother- 
mia (25°C) and cold potassium cardioplegia was used 
routinely. After transverse pulmonary arteriotomy 
(cases 1 and 2), the valvar and subvalvar region was 
examined. Very gentle retraction in the region of the 
subvalvar area allowed the accessory mitral tissue to 
be seen and excised; it also avoided damaging the 
attenuated conduction system running antero- 
laterally round the ventricular attachment of the pul- 
monary valve leaflets.* The obstructive tissue was 
easily grasped and excised around its peripheral 
attachments in the outflow tract, and its chordae 
tendineae were divided close to the papillary muscle. 
The child with normal ventriculoarterial con- 
nections and subaortic muscular stenosis (case 3) had 
an oblique aortotomy, excision of the accessory 
mitral valve tissue, and a limited septal myotomy as 
well. All patients were weaned from bypass in sinus 
rhythm. There have been no instances of late heart 
block during a follow up of from two to five years. 


OPERATIVE PATHOLOGY 

The accessory mitral valve tissue (Fig. 3) was excised 
in each case. Typically (cases 1 and 2) the tissue took 
the form of an accessory dome shaped leaflet 
attached partly to the right rim of the outflow tract. 
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Fig. 2 
in case ] with congenitally corrected transposition 
Accessory mitral valve im 


Cress sectional echocardiography in long axis view 


seen moving into left 
ventricular outflow tract during systole (a) and prolapsing 
back into thz left ventricle during diastole (b). 


PA, pulmonary artery; LA, left atrium; LV, morphological 
left ventricle 


Its free edge was supported by one prominent chorda 
and two or three minor chordae. The major chorda 
was attached to the apex of a large papillary muscle 
which it shared with normal chordae of the mitral 
valve. During systole the accessory leaflet ballooned 
out into the left ventricular outflow tract and caused 
severe obstruction. The pulmonary valve was 
slightly stenosed in case 1. In case 3, the patient with 
the normal ventriculoarterial connection, the acces- 
sory leaflet was attached around the leftward part of 
the anterior mitral valve leaflet and ran on to the 
septum for about a third of the circumference of the 
outflow tract. There were also some short chordae 
along the free edge attaching the leaflet to the wall of 
the outflew tract. 


Discussion 


Anomalies of the mitral valve causing simple left 
ventricular outflow tract obstruction are uncommon, 
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but atrioventricular valve anomalies are frequently 
(20°,,) seen in cases of congenitally corrected trans- 
position.'?* These are usually “aneurysmal” 
dilatations of fibrous tissue in the region of the left 
ventricular outflow tract. This tissue was described 
initially as originating from the morphological mitral 
valve by Tonnies in 1884.° Levy er al in 1963 
described three necropsy specimens from patients 
with congenitally corrected transposition in which 
two had “umbrella” like formations of accessory 
valvar tissue protruding into the subpulmonary 
area.’ This tissue was attached by chordae-like 
strands to pulmonary and atrioventricular tissue and 
to the superior edges of the ventricular septal defect. 
The accessory tissue obstructed both the ventricular 
septal defect and the subpulmonary region. Another 
patient, without ventricular septal defect, had valve 
tissue, without chordae, attached to the ventricular 
aspect of the atrioventricular valve. 

Aneurysmal tissue tags arise more commonly from 
bulging of the interventricular septum (membranous 
component)” or from redundant tricuspid valve tis- 
sue herniating through a ventricular septal 
defect? '* and less commonly from the pulmonary 
valve itself. 

Abnormalities of the mitral valve causing left ven- 
tricular outflow tract obstruction are less common.'* 





Fig. 3 Accessory mitral valve tissue ex 
at operation in (a) casel, (b) case 2, an 
(c) case 3 
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MacLean et al reported subaortic stenosis caused 
accessory tissue on the mitral valve which formed 
two cup-shaped ‘“‘diverticula” on the ventricular 
surface of the anterior leaflet of a patient presenting 
with dextrocardia.'* Deal et al reported another case 
in which there were slit-like fenestrations of 
aneurysmal bulging accessory leaflet which 
thought to represent an attempt at reduplication 
the mitral valve.'® Both sets of workers noted that it 
was difficult to identify the tissue at operation. T 
diagnosis was not made before operation because left 
heart catheterisation had not been performed. Sub 
aortic stenosis has also been reported with abnormal! 
attachment of the anterior leaflet of the mitral valve 
either directly to the interventricular septum or vy 
abnormal chordae to the septum. '7 '® 

The three children we have described in this paper 
all had accessory mitral valve leaflet tissue tha 
almost duplicated the anterior leaflet. This tissue wa 
continuous with the left ventricular outflow tra 
valve annulus and was attached by its own chordat 
to otherwise normally sited papillary muscles 

Successful operation was relatively simple. Wi 
approached the accessory tissue via the pulmonary 
artery (or aorta) and took care not to damage the 
conduction system. The accessory leaflet tissue was 
excised close to its attachment to the base of the 
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outflow tract valve and redundant chordae were 
divided near their papillary muscle insertion. 
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Doppler ultrasound in the estimation of the severity 
of pulmonary infundibular stenosis in infants and 
children 


A B HOUSTON, I A SIMPSON, CD SHELDON, W B DOIG, EN COLEMAN 


From the Department of Cardiology and University Department of Child Health, Royal Hospital for Sick 
Children, Glasgow 


SUMMARY Pressure gradients estimated by Doppler echocardiography were compared with 
values obtained at cardiac catheterisation in 31 children (aged seven days to 16 years, mean 2 years 
7 months) with pulmonary infundibular stenosis including 16 with tetralogy of Fallot. Various 
parasternal and subcostal positions were explored to obtain the maximum velocity of blood flow 
and the obstructive gradient was calculated from the modified Bernoulli formula. The gradient 
across the obstruction could be measured directly at the time of catheterisation in only 21 
patients. The correlation coefficient for the Doppler and total measured gradients was r=0-90 for 
catheter entry and r=0-77 for catheter withdrawal. Doppler ultrasound, by measuring the total 
gradient from the right ventricle to the pulmonary artery, provides a non-invasive assessment of 
the severity of pulmonary stenosis, and in those with infundibular obstruction allowance need not 
be made for possible energy losses caused by the elongated obstruction or the presence of narrow- 


ing at more than one level. 


The development of Doppler echocardiography as a 
technique to provide a non-invasive assessment of 
the pressure gradient in obstructive cardiac 
lesions! ? has been an important advance in the man- 
agement of congenital heart disease. Several studies 
attest to its accuracy in pulmonary valve 
stenosis?~ 1° but Doppler measurements have been 
compared with measured gradients in only two 
patients with infundibular stenosis.* With Doppler 
echocardiography the pressure gradient is calculated 
by measuring the maximum velocity of blood flow 
across the obstruction and applying the modified 
Bernoulli equation. This simplified equation has 
generally been applied where there is a discrete 
obstruction and ignores energy losses due to fric- 
tion. There may therefore be potential errors in 
applying the formula to patients with infundibular 
pulmonary stenosis where the obstruction can be 
elongated or can occur at more than one level. We 
therefore considered it important to review our 
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experience and assess the validity of the modified 
Bernoulli formula in the measurement of pressure 
gradient in patients with infundibular pulmonary 
stenosis. 


Patients and methods 


We studied 31 infants and children aged seven days 
to 16 years (mean 2 years 7 months) with 
infundibular pulmonary stenosis proved by cardiac 
catheterisation and angiocardiography. Fifteen were 
considered to have infundibular and possible valve 
stenosis with a ventricular septal defect and 16 had 
tetralogy of Fallot. One had undergone repair of 
tetralogy of Fallot, and although the angio- 
cardiogram suggested some residual infundibular 
narrowing the pressure gradient was small (15 mm 
Hg). At catheterisation pressures were measured 
through a fluid filled catheter and the gradient across 
the obstruction was recorded as the peak to peak 
difference not only on catheter withdrawal but also 
as the catheter was initially advanced into the right 
ventricle and pulmonary artery. Such measurements 
were possible in only 21 patients (11 had ventricular 
septal defect with infundibular pulmonary stenosis 
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and 10 had tetralogy of Fallot); in the others no 
attempt was made to pass the catheter into the pul- 
monary artery because of the severity of the obstruc- 
tion or the attempt was abandoned when arrhythmia 
developed. The pressure recordings were reviewed 
and the measurement of the peak to peak difference 
was made independently by an observer who was 
unaware of the Doppler findings. 

Where possible an effort was made to obtain a 
Doppler recording before the child was sedated for 
catheterisation. In several younger ones this was not 
possible since even minor movements of the child 
made it impossible to obtain the exact angulation of 
the probe or to maintain it for sufficiently long to 
record an adequate Doppler signal. With the child 
quiet, sedated, or asleep, satisfactory recordings 
were obtained, however, from all patients. Of the 21 
in whom the gradient was measured 11 underwent 
the Doppler study while sedated for catheterisation, 
three within 24 hours of catheterisation, and the 
other seven on admission for subsequent operation. 
In one patient the Doppler study was performed 
with simultaneous measurement of pressure in the 
pulmonary artery and right ventricle by two cath- 
eters. In the other patients the Doppler study was 
not carried out with a catheter in the pulmonary 
artery because of possible complications related to 
infundibular obstruction. 

The Doppler equipment consisted of a multi- 
frequency continuous and pulsed wave unit (Alfred, 
Vingmed) which was used in the continuous mode 
with a 2 MHz transducer, the signal being moni- 
tored on a spectrum analyser (Doptek) fitted with a 
movable marker line. As the examination proceeded 
the line was, as necessary, moved to the average of 
the highest velocities obtained; this permitted easy 
comparison of the received frequency shift with the 
previous maximum and ensured that the highest 
value for the whole investigation was obtained. A 
cross sectional echocardiogram was initially 
obtained with an ATL sector scanner, which 
confirmed the diagnosis and, by demonstrating the 
intracardiac anatomy, suggested positions from 
which the Doppler beam might most accurately be 
aligned along the right ventricular outflow. 
Although this position was initially used, other sub- 
costal, precordial, suprasternal, and supraclavicular 
sites were explored to obtain the signal with the 
maximum Doppler shift. Care was taken to obtain 
reproducible signals showing as far as possible many 
high velocity signals with a clear and complete 
envelope. At the end of the examination the level of 
the marker line on the spectrum analyser indicating 
the maximum frequency shift (in KHz) for the 
whole examination was used to calculate the maxi- 
mum velocity (V) in metres per second and the pres- 
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sure gradient (P) in mm Hg from the modified Ber- 
noulli formula, P=4V?. The estimated and 
measured pressure gradients were compared in the 
21 patients in whom both were measured. 


Results 


Pressure gradients measured at catheterisation from 
separate right ventricular and pulmonary arterial 
recordings as the catheter was advanced were com- 
pared with those obtained on catheter withdrawal. 
‘There was considerable variation with a correlation 
coefficient of 0-87 (y=0-92x+ 6-6). The difference 
was generally related to variation in the right ven- 
tricular pressure measurement on catheter with- 
drawal caused by extrasystoles which altered the 
right ventricular pressure values making it difficult 
for the independent observer to assess a true right 
ventricular systolic pressure. 

Satisfactory Doppler recordings were obtained 
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Fig. 1 Recording of the Doppler signal from the spectrum 
analyser from a patient with wnfundibular pulmonary 
stenosis. The signal which ts systolic in timmng shows a 
negatrve deflection ndicating flow away from the transducer 
The broken lines are the markers which give a maximum 
frequency shift of 10 200 Kz representing a velocity of 

3-93 ms~! and a gradient of 62mm Hg. 


Doppler estimation of pulmonary infundibular obstruction 
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Fig. 2 Comparison of the pressure gradients measured at 

catheter entry and estimated by Doppler signal. The linear 

regression line has a gradient of 0-85 (y=0 85x+10 70). 
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from all patients (Fig. 1). Maximum blood flow 
velocities were obtained almost equally ‘frequently 
‘from subcostal and parasternal positions as flow 
away from the transducer. In one patient a satis- 
factory signal could be obtained from a parasternal 
position only from the second left intercostal space 
as flow towards the transducer. Comparison of the 
maximum Doppler gradient with that measured on 
catheter withdrawal showed a correlation coefficient 
of 0:77 (y =0:77 x + 17-05); for catheter entry a cor- 
relation coefficient of 0-90 was obtained (Fig. 2). 
Since the Doppler study was performed with the 
child in a relauvely undisturbed state and not: at 
catheter withdrawal, the most appropriate com- 
parison is that of Doppler with pressure gradient at 
entry. - ; 

In the patient in whom two catheters were used 
the peak to peak gradient was 62 mm Hg on entry, 
70 mm Hg on withdrawal, and 80 mm Hg with two 
catheters (instantaneous maximum 85 mm Hg) and 
the simultaneous Doppler value was 86mm Hg. 


Discussion 


The ability of Doppler ultrasound tó provide an 
assessment of the pressure gradient in patients with 
pulmonary valve stenosis has been confirmed by 
several groups of investigators. Studies have shown 
a good correlation between the gradient measured at 
catheterisation and that calculated from Doppler 
ultrasound, both continuous and pulsed, in patients 
with discrete pulmonary valve stenosis.?~‘° Reports 
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on Doppler ultrasound in infundibular stenosis are 
scanty? * and measured pressures were given for 
only two patients." ; 
The Bernoulli formula relates the pressure gra- 
dient to the kinetic energy content of a fluid before 
and after an obstruction and this will not change 
whether the obstruction is discrete or elongated. 
Application of the modified formula P =4V?, how- 
ever, assumes that there 1s no energy loss due to vis- 
cous friction which may become more important as 
the length of the obstruction increases. It has not yet 
been confirmed that this formula can be applied 


- where the narrowed segment is elongated or curved, 


or when obstruction occurs at more than one level, 
as can happen in patients with tetralogy of Fallot or 
with infundibular and valve stenosis. Thus we con- 
sidered it appropriate to examine whether under 
these circumstances the simple modified Bernoulli 
formula remained valid or whether allowance 
needed to be made for frictional losses or obstruc- 
tion at more than one level. 

One of the major difficulties in any study of 
Doppler assessment of gradient is accurate mea- 
surement of the method against which it is to be 
compared. The correlation is better when the 
Doppler measurement is made at catheterisation 
rather than at another time®’’ and is further 
improved by the simultaneous measurement of the 
gradient with two catheters, one proximal and the 
other distal to the obstruction. Even then Doppler 
gives the maximum instantaneous pressure drop and 
not the peak to peak difference. This may be 
important in aortic stenosis? 1? but, because of the 
low pulmonary artery pressure, it is of less 
importance in pulmonary stenosis and for practical 
clinical purposes can be ignored. Although Doppler 
echocardiography was performed at the time of 
catheterisation in 11 patients in this study, in all but 
one patient it was considered inappropriate to do so 
at catheter withdrawal or with two catheters because 
of possible complications related to leaving the cath- 
eter through the narrowed infundibulum while the 
Doppler investigation was undertaken. In the 
patient in whom two catheters were used the results 
confirmed that correlation was improved when the 
Doppler result was compared with the result mea- 
sured by this technique. 

We found that the apparent variation in pressure 
gradient with time when entry and withdrawal pres- 
sures were compared with Doppler was associated 
with difficulties in obtaining an accurate right ven- 
tricular pressure after withdrawal in some. patients 
in whom extrasystoles occurred, Thus it seems more 
appropriate to compare the Doppler measurement 
performed when the child was undisturbed with 
those obtained as the catheter entered the right ven- 
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tricle (and when there were no extrasystoles) and 
when a stable pulmonary artery pressure was 
obtained. This does provide the better correlation 
and suggests that the simple modified Bernoulli for- 
mula is as applicable in cases with infundibular 
stenosis or infundibular and valve stenosis as in 
those with discrete obstruction. In keeping with pre- 
viously reported findings,? > however, Doppler has 
not been shown to give any information on the level 
of obstruction or the relative contribution of 
infundibular or valvar narrowing to the total 
gradient. Using pulsed wave Doppler Hatle and 
Angelsen have been able to predict the presence of 
infundibular stenosis,? but the equipment that they 
used could not measure the high velocities occurring 
when obstruction was clinically important. Pulsed 
wave Doppler with a lower transducer frequency or 
higher pulse repetition frequency can measure 
higher velocities from areas near to the transducer 
but neither pulsed nor continuous Doppler has yet 
been shown to be able to determine the relative 
importance of infundibular and valvar obstruction 
in these cases. 

Doppler ultrasound has been able to provide an 
assessment of the pressure gradient when this could 
not be measured because of the potential hazard of 
passing a catheter through a severely narrowed 
outflow tract. In some of these patients clinical and 
echocardiographic assessment indicate the need for 
angiocardiography or operation but there are others 
in whom the degree of infundibular stenosis changes 
with time and a non-invasive technique for per- 
forming serial measurement of the obstruction will 
be umportant. Although Doppler ultrasound cannot 
yet determine the relative importance of valve or 
subvalve stenosis the decision on the need for 
operation is based on the total gradient and 
anatomical knowledge (echocardiographic or angio- 
cardiographic) of the right ventricular outflow tract 
is much more useful to the surgeon than phys- 
iological information about the relative con- 
tributions of the infundibulum and valve to the total 
obstruction. 

Those who are unfamiliar with the principles of 
the Bernoulli formula may be surprised that it pro- 
vides accurate values in patients, such as those with 
tetralogy of Fallot, in whom there can be consid- 
erable variation with time in the severity of the 
infundibular stenosis with major changes in the vol- 
ume of blood flowing through the right ventricular 
outflow. In these patients, however, the pulmonary 
artery pressure is relatively constant and the right 
ventricular pressure, which is at systemic level will 
show only relatively small changes; and although 
variation in flow can occur the pressure gradient will 
change little. The Bernoulli formula measures the 
pressure drop that is related to the increase in veloc- 
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ity and is independent of size of orifice and can 
therefore provide an accurate prediction of the gra- 
dient. 

The results of this study are in accord with those 
previously reported in patients with discrete 
obstruction and the two with infundibular stenosis. 
They indicate that allowance need not be made for 
energy losses due to friction, and that the simple 
modified Bernoulli formula can provide an accurate 
assessment of the severity of pulmonary stenosis 
whether it occurs at valve or infundibular level or at 
both. 
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Effect of long term oxygen treatment at home in 
children with pulmonary vascular disease 
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SUMMARY Inhalation of 100% oxygen by nine children with pulmonary vascular disease 
increased pulmonary blood flow measured at cardiac catheterisation; there was no significant 
change in pulmonary artery pressure. Fifteen children with pulmonary vascular disease that was 
severe enough to preclude corrective cardiac operation were studied to determine the effect of 
long term oxygen treatment on pulmonary vascular disease. Nine received long term domiciliary 
oxygen for a minimum of twelve hours a day for up to five years. Though the untreated group 
closely resembled the treated group their survival was significantly less good. All nine treated 
children are alive whereas five of the six children who did not receive oxygen have died. 


Pulmonary vascular resistance is often raised in chil- 
dren with congenital heart defects and is always 
raised in those with primary pulmonary hyper- 
tension, which is a rare condition. In many such 
children the pulmonary vascular resistance can be 
reduced by a pulmonary vasodilator such as oxygen, 
tolazoline, or epoprostenol (prostacyclin). But when 
the resistance remains >8mmHg.l~!.min.m? 
(640 dyn.s.cm7~*.m?) during optimal ventilation 
with 100% oxygen, surgical repair of the cardiac 
defect is associated with an unacceptably high risk of 
perioperative death or may lead to accelerated dete- 
rioration in the pulmonary vascular bed.!? These 
children have hypertensive pulmonary vascular dis- 
ease, and pathological changes in the pulmonary 
arterioles are invariably found at biopsy.>* They 
also have reduced exercise tolerance and a poor 
prognosis. At present there is no effective and 
accepted treatment. 

Measurements during cardiac catheterisation 
(both published* and our own which are described 
below) show that in all cases that were studied 
inhalation of 100% oxygen produced some fall in 
pulmonary vascular resistance compared with that 
in air. This shows that there is an additional but 
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reversible element of vasoconstriction contributing 
to the raised pulmonary vascular resistance and 
superimposed on the permanent (irreversible) 
destructive or obliterative changes in the vascular 
bed, 

Experimental use of crotalaria alkaloids in rats 
shows that they cause intense pulmonary vaso- 
constriction followed by obliteration with fibrinoid 
necrosis.© Wagenvoort and Wagenvoort infer from 
this, and from the charactertistic siting of the oblit- 
erative lesions in patients, that fibrinoid necrosis 
may be the result of intense vasospasm both in chil- 
dren with primary pulmonary hypertension and in 
those with intracardiac shunts.* 

The response to oxygen and the relation of vaso- 
spasm to tissue damage suggested that prolonged 
oxygen treatment might benefit children with per- 
sistently raised pulmonary vascular resistance. The 
hypothesis on which the trial was based is that the 
local pharmacological effect of oxygen in relieving 
vasospasm might prevent or delay a cycle of 
increasing damage in which superimposed (revers- 
ible) vasoconstriction would accelerate destructive 
changes. The trial was prompted by the pronounced 
improvement noted in two girls with pulmonary 
vascular disease and cyanosis who had been using 
domiciliary oxygen for two or three years when the 
trial began. They continue to use it but are not 
included in the trial. 

By analogy with studies at altitude’ and the trials 
of oxygen treatment in patients with chronic 
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Table 1 Data on indrvidual patients 





Diagnosis Age at PAP (mm Hg) PVR (mm Hylan mm?) On entry mo mal Symptom 
catheter- —_-—_—_—- ce eee SCOTE 
tation (yr Ar Oxygen Air Oxygen Age Hb O, 
n ae 1980 (geldi) saturation 
(%) 
Untreated 
1 Primary PHT 5 70 — — _ TS 13-8 81 19 
2 A-P window* lt 63 6l e 33 28 137 143 95 33 
3 VSD 8 85 80 23 19 110 151 85 28 
4 VSD 9 85 85 36 25 95 159 68 30 
5 UVH 4 47 42 127 8 46 154 83 17 
6 UVH 2 — 59 — 16 70 193 74 18 
Mean 65 70 65 26 19 89 156 81 24 
SEM — 64 69 46 31 12 07 35 25 
Treated group 
PHT 13 39 50 15 84 149 139 97 24 
8 DAt 6 74 — 12 ~ 55 142 97 32 
9 VSD 08 75 75 — aean 50 153 86 18 
10 VSD 7 58 58 17 125 90 182 8&9 25 
11 VSD 08 = 70 — 102 205 73 21 
12 VSD + DA 8 —_ 70 — 64 90 17-7 83 21 
13 Corr TGA 05 120 — 28 ~~ 76 150 93 22 
14 AV canal 4 60 70 171 114 51 145 84 17 
15 AV canal 3 82 76 25 96 70 183 76 19 
Mean 48 173 67 CO, 19 146 8-1 16-4 86 22 
SEM — 88 33 23 45 10 07 27 15 


*Aortopulmonary window closed age 9 years. }Ductus acteriosus closed age 3 years 

Conversion factor ` traditional umts to SI umts—! mm Hg.J7 tmin ~ 80 dyn.s.cm 7 *. 

PHT, pulmonary h on; A-P window, aortopulmonary window; VSD, ventricular septal defect; UVH, umivenericular heart; DA, ductus arteriosus; 
Corr TGA, physiologically corrected transposition of the great arteries, AV canal, atrioventricular canal, PAP, mean pulmonary artery pressure, PVR, 


pulmonary vascular resistance, Hb, haemoglobin concentration 


bronchitis® ° we expected that treatment for a mini- 
mum of 12-15 hours a day for at least two years 
would be needed to show a beneficial effect. For this 
reason the design of the trial was based on two paral- 
lel groups without cross over or placebo. 


Patients and methods 


Patients considered for the trial were of school age 
(four to 18 years) and had primary pulmonary 
hypertension or pulmonary vascular disease second- 
ary to cardiac defects that was severe enough to pre- 
clude surgery or had persisted after operation. 
Patients with important parenchymal lung disease 
were not included. 

Fifteen children entered the trial during 1980 and 
1981. The child’s paediatrician or cardiologist allo- 
cated their patient to the treatment group after full 
discussion with the parents. The demands of the 
treatment and the small numbers studied precluded 
random allocation or the individual matching of 
controls. 

Table 1 shows the underlying diagnosis, mean 
pulmonary artery pressure, and pulmonary vascular 
resistance measured during cardiac catheterisation. 
The treatment and non-treatment groups both con- 
tained one child with primary pulmonary hyper- 
tension and one child with pulmonary hypertension 
persisting after operation. Mean age at entry to the 


trial was similar in the two groups. 

The mean pulmonary artery pressures, which 
where possible were measured both in air and oxy- 
gen, are similar in the two groups. Pulmonary vascu- 
lar resistance was not measured in all patients. Mean 
pulmonary vascular resistance both in air and oxy- 
gen (Table 1) was higher in the untreated group, but 
these differences did not achieve statistical 
significance (unpaired z test, p> 0-1 for both). 

At every visit the parents answered two question- 
naires designed to assess the child’s disability. The 
first (Table 2) assessed exercise tolerance and the 
second (Table 3) the extent of troublesome symp- 
toms. A high score suggests subjective well-being. 

Table | indicates the condition of the children at 
entry into the trial at the beginning of 1980 when 
haemoglobin, oxygen saturation, and symptom 
scores were measured. There were no statistically 
signficant differences between the two groups. 


SELECTION OF PATIENTS FOR 
TREATMENT 
At the beginning of the trial all the parents knew that 
surgical correction of their child’s disease was 
ımpossible and that he or she had a limited life 
expectancy. The rationale for oxygen treatment was 
explained and we made it clear that its benefits were 
unproven. 

The parents of the children in the treated group 


Effect of long term oxygen treatment at home in children with pulmonary vascular disease 


387 


Table2 A questionnatre for parents. A scoring system for the assessment of exercise ability 
Please mark the box (or boxes) on cach line which best describes your child in the past sx months. 





were prepared to try oxygen treatment and the pae- 
diatricians agreed. Three families of children in the 
untreated group felt that their girls were so well and 
free of symptoms that they did not want to remind 
them of their disease. One of these families planned 
to start oxygen treatment later if the child deterio- 
rated. The parents of one girl who presented with 
three episodes of syncope saw no other evidence of 
disability, though the catheter data suggested very 
severe disease. 

The other three children in the non-treatment 
group were more clearly disabled—one had a pace- 
maker and his parents felt that oxygen treatment 
would complicate his life. The other two were being 
treated by physicians who were less convincédof the 
benefit of treatment, though one of these two 
patients was given oxygen treatment in hospital 
before he died. S 

Thus though allocation of the children to the two 
groups was not random the reasons for choosing or 
not choosing treatment showed no detectable trend. 


METHODS 


Administration of oxygen 

Oxygen was supplied by oxygen concentrators 
installed in the child’s home with outlets to the bed- 
room and usually also to the sitting room where the 
child was able to wear the mask for a few hours 
before going to bed '°+! Nasal cannulas were tried 
initially in all cases, but if these proved unacceptable 
they were replaced by face masks or tents. We 
emphasised that the trial required oxygen adminis- 


tration for a minimum of twelve hours a day, prefer- 
ably fifteen. 

Strict monitoring of the use of the machines 
proved impracticable because of the great geograph- 
ical spread of patients. But on each visit both the 
parents and the child were questioned carefully 
about the number of hours for which oxygen was 
used, the frequency of equipment breakdowns, and 
nights missed because of holidays. 


Assessment during cardiac cathetertsation 

Before inclusion in the trial nine of the fifteen 
children were studied -while breathing air and 
oxygen during cardiac catheterisation by means of 
respiratory mass spectrometry.5'? The patients 
were anaesthetised, intubated with a leak-free 
endotracheal tube, and ventilated optimally with air 
to maintain a normal and constant arterial Pco,. 
Semi-continuous measurements of metabolic gas 
exchange were made at the same time as pulmonary 
artery and left atrial pressures were measured, and 
samples were drawn from the pulmonary artery and 
pulmonary veins or systemic circulation as 
appropriate. The total oxygen content of the blood 
samples was derived from the blood gases’ and 
haemoglobin concentration by the tables of 
Kelman. +? 

The patients were thén ventilated with 100% oxy- 
gen for at least 10 minutes, and the end tidal and 
arterial carbon dioxide concentrations were com- 
pared to ensure as steady a state as possible. Mea- 
surements were repeated, and the cardiac output and 
pulmonary vascular resistance were calculated by 
the method described by Davies et al.* 
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Table 3 A questionnaire for parents 


Bowyer, Busst, Denison, Shinebourne 


It would be most helpful if you would answer the following questions about your child’s health in the last 6 months. Please tick the box in 


the appropriate column for each quesnon. 
Patients name: 


Does he/she have “bad days” of diminished activity? 
Is he/she worse m cold weather? 


Does he/she have: 
Headaches? 


Nose bleeds? 

Chest pain? 

Leg cramps? 
Coughing blood? 
Poor appetite? 
Funts or dizzmess? 
Cheat mfections? 


Has he/she changed ın the last 6 months? 
Comments: 





Non-invasive assessment of progress 

Initial diagnosis and a decision about operation 
depended on the measurements made during cath- 
eterisation. But, in view of the risk of cardiac cath- 
eterisation in children with’ advanced pulmonary 
vascular disease, we thought it proper to restrict 
serial assessment during treatment to non-invasive 
methods. These included a subjective score from a 
questionnaire, clinical assessment, electro- 
cardiography, echocardiography, and an exercise 
test. The children were reviewed every six to 12 
months for up to five years. 


Results 


Figure 1 shows the mean pulmonary artery pres- 
sures and pulmonary blood flow in the nine children 
studied in air and oxygen. There was no significant 


change in pressure on oxygen, but pulmonary blood 
flow was consistently increased. This is reflected in 


the reduction of pulmonary vascular resistance when 
oxygen was breathed, though this did not fall below 
8mm Hg.17 !.min.m? (=: 640 dyn.s.cm ~ *.m?) in any 
case. 


Acceptability of treatment 

Three children have used nasal cannulas throughout 
their treatment, four prefer a mask, and the others 
can only use a tent. Because the equipment can be 
used in koth the bedroom and sitting room, the 
child’s freedom is less restricted. In some cases the 
provision of oxygen concentrators was delayed for 
up to 10 months. 


Compliance 

Four of the nine children complied well with oxygen 
treatment. These families chose never to go away, or 
only go away with an alternative oxygen source. 
Breakdowns accounted for a maximum of only a 
week missed per year. These four patients used oxy- 
gen for at least 12 hours per day (commonly 14 
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Fig. 1 Data obtained from measurements made during 
cardiac catheterisation in nine children wth advanced 
pulmonary vascular disease. The mean pulmonary artery 

pressure (PAP), pulmonary blood flow (Qp), and 

pulmonary vascular resistance (PVR) are shown first in ar, 
then after optimal ventilation with 100% oxygen for ten 
minutes. 1 mm Hg.17)! min. ~ 80 dyn.s.cm™$ 


hours). Three of the families reported missing up to 
three weeks a year due to holidays or breakdowns or 
both. Otherwise these children appear to have had a 
steady nightly intake of between 10 and 12 hours. 
All these seven children seem to tolerate treatment 
well. But two children have found compliance 
difficult. After two years of successful treatment one 
adolescent girl found that treatment was intolerable 
for a four month period during the summer. For a 
year a boy, who is now fourteen years old and had 
tolerated treatment for four years, did not comply 
with treatment. His parents, feeling that his own 
perception of the quality of his life was paramount, 
have agreed to his stopping oxygen treatment. 


Survival 

Figure 2 shows the survival of the children in the 
two groups. All nine children on oxygen treatment 
are alive whereas five of the six children not on treat- 
ment have died (y7=9-0, p<0-01 with Yates’s cor- 
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Fig. 2 A chart showing the survwwal in the years 1980-84 of 
children with pulmonary vascular disease in the treated and 
untreated groups. 
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rection). In one child death was thought to be due to 
a sudden arrhythmia, and another child died after a 
severe chest infection. Three others became unwell 
over a period of one to three weeks with increasing 
cyanosis and exercise intolerance. Only one showed 
signs of congestive right ventricular failure. 


Discussion 


We have shown that there is an additional reversible 
vasoconstrictive component in most children with 
severe pulmonary vascular disease. This vaso- 
constriction can be minimised by optimal ventilation 
and added oxygen, and is exacerbated by hypo- 
ventilation or acidosis. To avoid unwarranted 
classification of such cases as inoperable, cardiac 
output must be initially measured under optimal 
conditions. Figure 1 shows that reliance on changes 
in pressure alone will lead to important hae- 
modynamic changes being missed. More studies of 
this type are needed both to define more accurately 
the risks of operation at different levels of vascular 


‘resistance and to determine the correlation between 


resistance levels and pathological changes in the 
lungs. 

If despite optimal ventilation the pulmonary vas- 
cular resistance remains high, operation is con- 
traindicated, and the likely course is one of 
progressive deterioration. Figure 2 shows that this 
deterioration can be modified, and survival can be 
improved. 

Deterioration in children with the Eisenmenger 
complex is associated with increasing right to left 
shunting which results in a critically low pulmonary 
blood flow rather than in congestive failure of the 
right ventricle. There is therefore no reason to sup- 
pose that effective pulmonary vasodilatation in this 
situation causes increased right ventricular work. 

This small pilot study shows that long term oxy- 
gen treatment at home is well tolerated and 
improved survival of children with pulmonary vas- 
cular disease over a five year period. We believe that 
the results warrant a larger trial, perhaps at several 
centres. Recruitment into the trial must be preceded 
by accurate measurements of pulmonary blood flow 
under optimal and controlled conditions. 
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Afterload reduction: a comparison of captopril and 
nifedipine in dilated cardiomyopathy 
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SUMMARY Nifedipine and captopril are potent vasodilators and may be expected to help left 
ventricular failure by reducing afterload. Nifedipine (20mg three times a day) and captopril 
(50 mg three times a day) were added to an optimal regimen of digitalis and diuretics in a double 
blind crossover trial in 18 cases of dilated cardiomyopathy. New York Heart Association func- 
tional class rating symptoms and exercise tolerance times improved on captopril but not on 
nifedipine. The reduction in pulmonary capillary wedge pressure and the increase of cardiac 
output on captopril indicated that the augmented functional capacity may have resulted in part 
from an improved performance of the left ventricle. Although there were comparable decreases 
in systemic vascular resistance and presumably in impedence to ejection by the left ventricle on 
both drugs, the dimensions of the ventricular cavity were found to be reduced by captopril and 
augmented by nifedipine, and only captopril reduced the afterload (wall stress). In addition, the 
force-length relation (between left ventricular end systolic stress and end systolic diameter) was 
shifted to the left of baseline by captopril and to the right by nifedipine, suggesting that muscle 
contractility was reduced by nifedipine and not by captopril. 

These results suggest that nifedipine and captopril have different effects on afterload and 
contractility and these may account for the different effects of these drugs on the performance of 


the heart and clinical responses. 


Most vasodilators may be beneficial in both hyper- 
tension and cardiac decompensation. The angio- 
tensin converting enzyme inhibitor, captopril, is 
such an example.'~> The antihypertensive proper- 
ties of the calcium channel blocking agents are well 
established,* and nifedipine has been used to reduce 
ventricular afterload.>~® 

Treatment of cardiac insufficiency in the advanced 
stage of dilated cardiomyopathy is still one of the 
most challenging tasks in clinical cardiology, and the 
poor prognosis justifies a search for more efficient 
methods of treatment. Although the combination of 
captopril with conventional treatment has been of 
benefit in many series of patients with refractory 
chronic congestive heart failure,®~!? these series-did 
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not include many cases of dilated cardiomyopathy 
and the specific response of such patients may 
have been obscured. Acute pulmonary oedema due 
to dilated cardiomyopathy can be relieved. by 
nifedipine® ê but long term studies are lacking. 

For these reasons we have studied the effects of 
these two agents in dilated cardiomyopathy. We per- 
formed a detailed haemodynamic study of the 
different effects of captopril and nifedipine on blood 
vessels (in terms of arterial and venous muscle relax- 
ation) and on the myocardium (in terms of changes 
in heart rate and contractility) in a crossover trial. 


Patients and methods 


PATIENTS 

Twenty six patients with chronic congestive heart 
failure caused by dilated cardiomyopathy of un- 
known cause were considered to be eligible, but 
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Table 1 Cknical data on 18 patients with dilated cardiomyopathy 
Case Age (yr) Sex BSA (m°) ECG Previous drug treatment 
1 57 F 1-26 SR Digitalis, frusemide, spironolactone 
2 54 M 193 AF + LBBB Digitalis, ethacrynic acid 
3 46 M 184 SR Digitahs, nitrates, hydrochlorothiazide 
4 61 M 1-80 AF Digitalis, frusemide 
5 45 M 175 LBBB Digntalis, nitrates, frusemide 
6 58 M 2-00 SR+ Digitalis, ethacrynic acid 
1 degree AVB 
7 68 M 157 SR Digitalis, frusemide 
8 58 M 212 SR Digitalis, frusemide 
9 55 M 183 AF Digitalis, nitrates, frusemide 
10 49 M 199 AF + LBBB Digitalis, frusemide, spironolactone 
11 58 M 182 SR Digitalis, nitrates, Eydrochlory 
12 34 M 1-76 SR Digitalis, hydrochlorothaade 
13 62 M 1 88 SR Digitalis, de 
14 38 F 145 SR Digttahs, ide 
15 46 M 185 SR Digtalıs, ethacrynic acid 
16 57 M 1-80 SR + Digitalis, frusemide, spironolactone 
1 degree AVB 
17 52 F 159 LBBB Digitalis, hydrochlorothiazide 
18 49 M 182 SR Digitalis, frusemide, spironolactone 


BSA, body surface arca, BCG, electrocardiogram, SR, sinus rhythm; AF, atrial fibrillanon; LBBB, left bundle branch block; AVB, 


atrioventricular block. 


three were lost to follow up, one died, and four were 
withdrawn because at excessive hypotension on 
treatment. The remaining 18 patients (Table 1) com- 
pleted the study. All of them had evident cardiac 
dysfunction causing dyspnoea at rest and were easily 
fatigued; six of them also had orthopnoea despite 
treatment with digitalis and diuretics. Vasodilators 
(nitrates) were used in four cases and treatment was 
stopped seven days before the beginning of the 
study. Eleven patients had had cardiac symptoms for 
>two years and the other seven had had dyspnoea 
for at least 10 months. Eleven subjects were in func- 
tional class IV (New York Heart Association) and 
seven were in class III. We excluded those patients 
who had supine systolic blood pressure 
<100mm Hg, angina pectoris, a history of or elec- 
trocardiographic signs of myocardial infarction, and 
hepatic or renal impairment (serum bilirubin or glu- 
tamic oxalacetic transaminase or both more than 
twice the upper limit of normal, and serum cre- 
atinine concentration >2mgj/dl). Patients were 
deemed to be eligible for the study if they were capa- 
ble of exercising for at least three minutes and no 
more than 12 minutes on a treadmill following the 
protocol used by the Captopril Multicenter Research 
Group.!! 

The study protocol was approved by our ethical 
research committee, and each patient gave informed 
consent. 


STUDY DESIGN 

Patients were admitted to the hospital, and during 
the first seven days physical examination, 12 lead 
electrocardiogram, and blood and urine laboratory 
tests were performed; the dosages of digitalis and 


diuretics were also adjusted until we judged that an 
optimal regimen had been achieved. This regimen 
was kept constant during the trial. At the end of this 
period a standard 6 ft posteroanterior chest x ray was 
taken to measure the cardiothoracic ratio, and echo- 
cardiographic and blood pressure (with random zero 
sphygmomanometer) measurements were obtained 
with the patient supine. An exercise test was per- 
formed to determine maximum physical capacity. 
After this, patients were randomly allocated to a 
treatment group and right heart catheterisation was 
carried out. Baseline records were obtained 30 min 
after catheter positioning when patients felt com- 
fortable and heart rate and blood pressure had sta- 
bilised. Then nifedipine (20 mg) or captopril (50 mg) 
was administered and the haemodynamic variables 
were recorded again every 30 min for the next 
120 min. Baseline values were compared with those 
detected when the fall in blood pressure after the 
drug was greatest. 

Patients continued to take the test drug three times 
a day as outpatients. Each day patients noted their 
symptoms in a diary and classified dyspnoea on a 
scale of 0 to 4 (0 when none occurred, 1+ with more 
than ordinary activity, 2+ with ordinary physical 
activity, 3+ dyspnoea at rest, and 4+ orthopnoea). 
We used the patient’s dyspnoea grades to give a serial 
clinical function classification (from class I to I'V). 

For two months physical examination, exercise 
tests, and echocardiographic examination were per- 
formed each week. After this, patients were read- 
mitted to hospital and non-invasive and invasive 
evaluations were repeated 90-120 min after the final 
dose of the agent. Then patients were switched to the 
other drug, and continued on it as outpatients. We 
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considered a washout period to be unnecessary in 
view of the long duration of treatment. The study 
continued as described earlier. No complications 
were noticed with repeated haemodynamic mon- 
itoring. The cardiothoracic ratio was measured on 
chest x rays obtained at the end of both treatment 
periods. 

Both nifedipine (20mg) and captopril (50mg) 
were given in identical capsules in a double blind 
randomised fashion in both the short term and long 
term studies. Capsules containing an inactive prepa- 
ration were given during the seven day run in period. 


SAFETY 

For the first three days of each drug treatment pa- 
tients remained in hospital and blood pressure and 
symptoms related to hypotension were monitored. 
Hypotension with faintness on standing was experi- 
enced by three subjects while on nifedipine (one on 
nifedipine as second drug) and two while on cap- 
topril (one on captopril as second drug). In one of 
these, however, symptomatic hypotension was tran- 
sient and he was able to continue on captopril; the 
other four patients could not and they were with- 
drawn from the trial. No other patients had excessive 
hypotension or related symptoms during treatment. 


HAEMODYNAMIC ASSESSMENT 

Circulatory measurements were obtained in fasting 
patients who were supine and had not received pre- 
medication. For right atrial, pulmonary arterial, and 
pulmonary capillary wedge pressure measurements 
and cardiac output determinations, a number 7 triple 
lumen flow directed thermodilution catheter was in- 
serted percutaneously under local anaesthesia into an 
antecubital vein and floated under fluoroscopic guid- 
ance to the pulmonary artery and, when necessary, to 
the wedge position. Intra-arterial blood pressure was 
measured through a Teflon catheter needle intro- 
ducted into a brachial artery. We used these vari- 
ables to calculate systemic (SVR) and pulmonary 
(PAR) arteriolar resistance by the following formu- 
las: SVR = AP — rap x 1332/CO and PAR = PAP 
— WPP x 1332/CO, where CO is cardiac output 
(average of three thermodilution determinations), 
and AP, rap, PAP, and WPP are mean arterial, right 
atrial, pulmonary arterial and pulmonary capillary 
wedge pressure respectively. Mean pressures were 
obtained by electronic damping, and heart rate was 
derived from the electrocardiogram. All these vari- 
ables were recorded on a Hewlett-Packard eight 
channel direct writing recorder (model 7868/A). 


ECHOCARDIOGRAPHIC BVALUATION 
Left ventricular end systolic circumferential wall 
stress was taken as a variable that reflects afterload 
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and was evaluated non-invasively on echo- 
cardiograms recorded in triplicate. We used the an- 
giographically validated equation of Grossman and 
coworkers,'* as modified by Reichek et al!* to calcu- 
late end systolic circumferential wall stress (es 
CWS): 


0:334 x Ps/LVIDs 


es CWS = 
PWTs (: + au x 5) 





where Ps, LVIDs, and PWTs are systolic cuff arte- 
rial pressure, left ventricular minor dimension (cm), 
and posterior wall thickness (cm) respectively at end 
systole. Pressure was measured after the patient had 
been recumbent for 15min. An independent ob- 
server used a random zero sphygmomanometer to 
take three consecutive measurements with 5 min be- 
tween measurements. Ultrasound and blood pres- 
sure readings were averaged to improve their 
accuracy; variablity was within 2% for ventricular 
diameter and within 5% for wall thickness and sys- 
tolic blood pressure. Two patients with atrial 
fibrillation, two with left bundle branch block, and 
two with both were excluded from this analysis 
because accurate echocardiographic recordings are 
difficult to obtain in the presence of these disorders. 
We used a Hewlett-Packard cross sectional unit 
(model 77020 A) for echocardiography. The end sys- 
tolic dimension of the endocardial surface was mea- 
sured as the shortest distance between the septal and 
posterior walls during systole. End systolic posterior 
wall thickness was measured by the leading edge to 
leading edge method as the point of maximal anterior 
motion. We analysed the means of three to five con- 
secutive cycles. The end systolic stress—left ventricu- 
lar end systolic diamater relation was taken as an 
index of the end systolic force length relation. 


STATISTICAL EVALUATION 

All values after treatment were compared with the 
baseline values by two way analysis of variance. 
Differences in means were assessed by Student’s t 
test. 


Results 


Eighteen patients completed the study; all of them 
had had nifedipine and captopril for eight weeks each 
in a crossover study (Fig. 1). 

Mean exercise tolerance times on captopril were 
significantly better than baseline values or values on 
nifedipine (Fig. 2). Nifedipine treatment values were 
never significantly different from baseline values. 

The mean functional class was significantly better 
while patients were on captopril than at baseline and 
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Evaluable patients 


Pe gee 


Captopril 


Hypotension 1 
Lost to follow up 1 








Nifedipine 
Hypotension 2 
Lost to follow up 1 








11 10 
Sweers Nifedipine Captopril 
Hypotension 1 Hypotension 1 (recovered) 
Sudden death 1 Lost to follow up 1 
16 weeks 3 
Fig.l Patent treatment. 


on nifedipine treatment (Table 2). Changes in clini- 
cal class paralleled the changes in exercise tolerance 
in all but two patients. 

Baseline values for mean arterial pressure aver- 
aged 83 mm Hg, and the mean cardiac index for the 
group was reduced (2-5 1/min/m?). Pulmonary capil- 
lary wedge pressure was <20 mm Hg in all except 
one of the patients, and the mean value (12 mm Hg) 
was lower than expected given the severity of con- 


O——O Nifedipine 


3 
© 


& 
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Exercise tolerance times (s) Mean (SEM) 


pide 


gestive heart failure. This was probably because pa- 
tients were on diuretics and on a salt restricted 
hospital diet. Mean systemic and pulmonary arte- 
riolar resistance was 1480 and 145 dyn s cm™° 
respectively. 

Peak response to oral nifedipine occurred about 
1-5 hours after administration. At this time there was 
a 20% reduction in mean arterial pressure that was 
mediated through a 29% decrease in systemic vascu- 
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Fig.2 Comparison of times of maximal physical capacity during mfedipine and captopril treatments. *Value sigmsficantly 
different from baseline value (p<0-01); A Value significantly different from nifedipine treatment value (p<0-01). 
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Table 2 Clinical and humoral results with treatments wn 18 patients with dilated cardiomyopathy 
Case NYHA class Body weight (kg) Serum Serum creatimne Dependent oedema Symptoms that developed 
~ (mmol/l) (wsg/dl) ——— 
B N C B N C B N C N C 
B N Cc B N Cc 
1 4 4 3 585 58 572 38 35 4&1 18 20 22 ++ + + H — 
pitation 
2 4 s 3 77 79-2 776 42 39 45 11 12 12 + +++ + pitation — 
3 4 4 3 81 82 805 43 39 48 10 11 11 + +++ + Headache 
4 3 4 3 816 83 782 37 33 42 19 14 16 0 + 0 Palpitation — 
5 3 3 2 744 75-4 722 35 33 40 17 15 22 0 + 0 Headache, — 
palpıtauon 
6 4 3 3. 88 89 87 37 36 41 18 16 19 ++ ++ + = — 
7 3 4 3 63 62-5 62 43 39 46 15 11 15 + + 0 Palpitation — 
8 4 4 4 79 81 79 45 43 44 19 20 28 ++ +44 4 Palpitaton — 
9 4 4 3 7716 792 TI 40 36 41 Wl 13 12 4+ +++ + ae Taste alteration 
10 4 4 4 858 856 857 4-1 41 45 12 13: 41 2 eee +++ ++ — _ 
li 4 3 3 86 87-5 848 36 33 41 19 17 18 + ++ +4 Palpitanon = 
12 3 3 3 805 816 779 43 41 47 IB 19 22 9 + 0 Palpitanon — 
13 4 4 ‘3 76 788 765 44 41 47 16 18 22 + +++ 0 Hesdache Taste alteration 
14 3 3 2 67 66 646 40 36 47 #18 18. 20 «90 0 — — 
15 4 4 4 88 89 .875 37 33 42 IB 14 17 +4 +++ ++ Headache, — 
` palpitation 
16 3 4 3 614 65 603 44 #41 47 14 #16 ll + + 0 — — 
17 3 3 2 654 65 64 36 33 4l 12 15 15 0 0 0 Palpitation — 
18 4 4 3 73 76-3 72 39 39 43 15 17 17 ++ +44 4+ Palpitation — 
Means 36 36 31* 757 769* 747 40 37 44* 16 16 I7 — ate oes _ _ 
SEM 012 °012 014 22 23 23 008 008 006 007 007 O11 
*Significantly different (p <0-01) from basal values.” 


B, basal, N, nifedipine, 





lar resistance and was associated with a 12% rise in 
cardiac index. Mean pulmonary arterial pressure, 
pulmonary arteriolar resistance, and the pulmonary 
capillary wedge pressure tended to decrease, al- 
though these changes were not statistically 
significant. After long term treatment the response 
was substantially different. In fact, changes from 


baseline in mean arterial pressure, and cardiac index . 


were less pronounced and were no longer statistically 
significant; heart rate and pulmonary capillary 
wedge pressure showed a clear tendency to increase. 

The response to oral captopril was also greatest 
approximately 1-5 h after administration. In five pa- 
tients the first dose induced considerable increases in 
cardiac index and stroke volume index and decreases 
in mean arterial pressure, heart rate, systemic vascu- 
lar resistance, and pulmonary capillary wedge pres- 
sure, which were sustained after eight weeks of 
continuous treatment. Four patients had minimal 
haemodynamic responses to the first 50mg of the 
drug and also showed small changes when up to 
three times this dose was given. Despite the reduced 
initial response they continued on the standard pro- 
tocol and were treated with the standard dosage. 
Repeat assessment after eight weeks of continuous 
treatment showed a spontaneous improvement of 
efficacy in three patients, in whom values became 
similar to those of the early responders in the same 
group. Because of this pattern, which has been 
reported by others,'*!® overall haemodynamic 


captopnl; NYHA, New York Heart Association. 


changes from baseline that were present in the short 
term study were much more pronounced at long 
term re-evaluation (Fig. 3). 

Figure 4 shows means for the circulatory variables 
that were recorded in the entire population at base- 
line and after long term treatment with both agents. 
The changes induced by captopril and nifedipine 
moved in the same direction, as shown in Fig. 3. This 
indicates that the sequence of drug administration 
did not interfere with the quality of the response to 
the treatments; Cardiothoracic ratios measured by 
independent observers on standard chest x rays were 
significantly reduced after captopril. The mean con- 
trol ratio ‘was 0:575 compared with a mean ratio of 
0-560 after two months of captopril treatment 
(p<0 01). 

Left ventricular end systolic circumferential wall 
stress (mean for the entire population with the ex- 
ception of six patients) was significantly reduced by 
captopril and to a lesser extent and not significantly 
by nifedipine at the end of the treatment period; the 
force-length relation was shifted to the left after cap- 
topril but not after nifedipine (Fig. 5). 

No patients had to stop taking captopril or nife- 
dipine during the study because of adverse reactions 
(Fig. 1). 

While on nifedipine five patients complained of 
headache and 11 reported palpitation that was de- 
scribed as disturbing by six. We do not know 
whether this symptom was associated with wors- 
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Fig.3 Haemodynamic values (mean (SD)) at baseline, after 1-5 hours, and after eight weeks of treatment 
in patients given captopril (nine cases) and mfediptne (nine cases) as the first drug. AP, mean arterial 
pressure; SVR, systemic vascular resistance; PAR, pulmonary arteriolar resistance; WEE, mean pulmonary 
capillary wedge pressure; PAP, mean pulmonary arterial pressure. * Value significantly different from 
baseline value (p<0-01); A Value significantly different from nifedipine treatment value (p<0 01}. 


ening arrhythmia because we did not evaluate this. 
We also found an increase in body weight in ‘12 
patients and enhancement of dependent oedema in 
11 while they were on nifedipine. This latter effect, 
however, may not necessarily be due to cardiac 
causes.'? Nifedipine also reduced mean serum po- 
tassium concentration and did not depress renal 
function (Table 2). 

Captopril did not lead to the development of de- 
pendent oedema or increase body weight. Two pa- 
tients on this treatment complained of a slight and 
transient taste alteration; in one patient serum cre- 
atinine concentration rose from 1-9 to 2:8 mg/dl; 
mean serum potassium rose from a baseline concen- 


tration of 4:0mmol/l to 4-4mmol/l (p<0:01); this 
was also significantly higher than the concentration 
(3:7 mmol/1) on nifedipine (Table 2). 


Discussion 


In this study two potent vasodilators with different 
mechanisms of action were used to treat heart failure 
due to cardiomyopathy. Captopril or nifedipine were 
given with a fixed regimen of digitalis and diuretics 
in a double blind crossover trial. Captopril 
significantly improved the New York Heart Associ- 
ation functional class and exercise tolerance times. 
The incorporation ‘of captopril into conventional 
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Fig.4 Haemodynamic values (mean (SD)) of the entire population at baseline and after aght weeks’ treatment 


with captopril and mfedipine, AP, mean arterial pressure; SVR, systemic vascular resistance; PAP, mean 
WPF, mean pulmonary capillary wedge pressure. *Value significantly different from 
baseline value (p<0-01); A Value ngmficantly different from mfedipine treatment value (p<0-01)}. 
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Fig.5 Relation between left ventricular end systolic wall 
stress and left ventricular end systolic internal diameter at 
baseline and after eght weeks’ treatment with captopril 


(broken arrow) and after eight weeks’ treatment mth 


nifedipine, (solid arrow) Curcles represent the means and 
lines the SD. *p< 0'01 for differences in wall stress and 


diameter between baseline and treatment. 
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heart failure treatment permitted patients who were 
incapacitated by symptoms to perform at least a 
moderate physical exertion. A training effect is un- 
likely to be responsible for this result because the 
physical tests were of short duration and infrequent. 
Nifedipine did not relieve symptoms, and made 
some patients worse. In the long term trial the 
significant reduction of the pulmonary capillary 
wedge pressure and the increase of cardiac output by 
captopril but not by nifedipine showed that at least 
part of the increased functional capacity might be the 
result of an improved performance of the left ven- 
ticle. 

Did vasodilating potency or some other factor 
influence responses to the two drugs? In the short 
term study systemic vascular resistance was consis- 
tently reduced by nifedipine, cardiac output was 
raised, and the left ventricular filling pressure tended 
to fall. This pattern was similar to the response to 
nifedipine reported in patients with dilated cardio- 
myopathy and acute pulmonary oedema.*>~7 During 
prolonged treatment, however, cardiac output did 
not improve and the pulmonary capillary wedge 
pressure rose substanually, indicating that the 
benefits of the reduced impedence to left ventricular 
ejection observed in the short term study were lost, 
even though the vasodilating action of nifedipine 
persisted. Changes in systemic vascular resistance 
after prolonged administration of captopril resem- 
bled those produced by nifedipine, but captopril im- 
proved the performance of the left ventricle, as 
wndicated by the filling pressure-cardiac output re- 
lation. 

Heart rate was increased (by an average of nine 
beats/min) on nifedipine and reduced (by an average 
of 11 beats/min) on captopril. This finding may be 
relevant to the different haemodynamic effects of the 
two agents since the greater the dysfunction of a 
ventricle the higher its sensitivity to changes in after- 
load.!8 Also when the cavity becomes enlarged and 
systolic wall thickening is diminished, as in dilated 
cardiomyopathy, ventricular dimension becomes an 
umportant determinant of afterload. In such a situ- 
ation, if cardiac output remains constant, afterload 
may vary in parallel with heart rate, because the 
ventricular cavity is reduced more during systole 
when heart rate is slow than when it is fast. Indeed 
captopril treatment was associated with an increased 
stroke index. 

End systolic stress represents the critical afterload 
value which terminates ventricular ejection!’ and 
measurement of end systolic stress is a good index of 
the role of afterload in determining ventricular pump 
function. We assessed end systolic left ventricular 
circumferential wall stress by a non-invasive 
method, although we were aware that echo- 
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cardiographic measurements in patients with dilated 
hearts are liable to error and that the reproducibility 
may be unsatisfactory. In order to improve the re- 
hability and reproducibility of such measurements 
we used appropriate techniques and criteria of 
recording, coded the echocardiograms, read them 
blindly and in random order, and took the average of 
triplicate measurements for each period. The corre- 
spondence in most cases between changes in ventric- 
ular cavity dimensions evaluated by ultrasound and 
changes in cardiothoracic ratio, and the uniformity 
of the trends during treatment indicate that our 
echocardiographic records were reliable. 

The minor axis of the left ventricle at end systole 
was significantly reduced by captopril but not by 
nifedipine, and end systolic afterload was reduced by 
captopril and not by nifedipine (Fig. 5), even though 
the reduction of systemic vascular resistance and 
possibly of aortic mpedence was similar with the 
two treatments. 

The leftward shift of the force-length relation 
after captopril may indicate either a shift to a 
different point in the same basal stress-length line 
(which would indicate no change in contractility) or 
a displacement to the left of the force-length line 
itself (which would indicate improved con- 
tractility).°3'4 This relation tended to move right- 
ward when patients were treated with nifedipine, 
indicating that some depression in contractility may 
have occurred. 

The reduction in heart rate with captopril, which 
has been reported in several previous studies,’ 16 2° 
may be due to the absence of a facilitating action 
of angiotensin II on the sympathetic neuro- 
transmission,*! or to reduction of catecholamine re- 
lease,!” or to venodilatation. Captopril causes both 
venodilatation and arteriolar dilatation and hence 
heart rate may remain constant.!” If the adrenergic 
drive to the heart were really depressed by captopril 
when there was a concomitant improvement in car- 
diac function, the hypothesis advanced by some?? 
that catecholamines are deleterious in primary car- 
diomyopathies would be reinforced. 

In conclusion, the therapeutic efficacy and low 
frequency of important adverse effects indicate that 
captopril is useful in patients with decompensated 
dilated cardiomyopathies that are refractory to con- 
ventional treatment. The poor or adverse responses 
to nifedipine that we have reported in this study 
discourage its use in such patients. 
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Echocardiographic evaluation of verapamil in 
Friedreich’s ataxia 
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SUMMARY Nine patients with hypertrophic cardiomyopathy associated with Friedreich’s ataxia 
were treated with the calcium antagonist verapamil, which is known to reduce myocardial hyper- 
trophy and improve diastolic function in patients with idiopathic hypertrophic cardiomyopathy. 
Daily oral doses of 7mg/kg were given for a mean (SD) of 24 (8) months. Mmode echo- 
cardiography performed at the start of the study and at the end of follow up showed no significant 
difference between the treated group and an untreated control group of nine patients. Verapamil 
produced no changes in left ventricular wall thickness, mass index, left ventricular internal di- 
ameter, fractional shortening, peak normalised lengthening rate, peak rate of septal and posterior 
wall thinning, and time from minimum ventricular cavity dimension to mitral valve opening. 
Myocardial calcium overload has been suggested as a cause of cardiac disease in Friedreich’s 
ataxia; however, verapamil had no beneficial effect on these patients with established myocardial 


hypertrophy. 


Left ventricular hypertrophy (usually concentric 
and non-obstructive) has been found in 38% to 67% 
of patients with Friedreich’s ataxia.'~? In a series of 
18 cases our own group found echocardiographic 
evidence of concentric left ventricular hypertrophy 
in 39% of cases and asymmetric (non-obstructive) 
hypertrophy in 33%.* St John Sutton etal found 
reduced diastolic function in most of their patients 
with Friedreich’s ataxia.* 

Calcium antagonists have been effective in other 
forms of hypertrophic cardiomyopathy. Kaltenbach 
etal gave oral verapamil (480 mg daily) for more 
than a year to patients with obstructive hypertrophic 
cardiomyopathy. They found that QRS voltage, 
heart volume (determined radiologically), and left 
ventricular mass (determined haemodynamically) 
were reduced. Hirzel et al confirmed these findings’; 
as did Spicer et al in children.* Verapamil has also 
been reported to improve left ventricle relaxation 
and filling in adults and children with hypertrophic 
cardiomyopathy.®~ 1° 

Other evidence encourages the use of calcium an- 
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tagonists for cardiomyopathy. Sanchez-Casis et al 
described granular calcium and iron deposits in de- 
generate myocardial fibres in a patient with 
Friedreich’s ataxia.'! Lamarche et al, however, did 
not confirm this finding in an electron microscope 
study of three cases.!? It has been suggested but not 
confirmed that the cardiomyopathy associated with 
Friedreich’s ataxia may be the result of defective cal- 
cium transport through cell membranes with sub- 
sequent accumulation in the fibres.13~!* These 
reports prompted us to study the long term effect 
of verapamil on cardiomyopathy in patients with 
Friedreich’s ataxia. 


Patients and methods 


Thirteen patients with Friedreich’s ataxia diagnosed 
by Geoffroy’s criteria! entered the trial. In all of 
them left ventricular hypertrophy of various grades 
of severity was seen on M mode echocardiography, 
and none of them had any contraindications to long 
term calcium antagonist treatment. They all gave 
their informed consent. Two patients dropped out 
within two months because of hypotension, another 
abandoned treatment, and a fourth did not report for 
follow up examinations after 7 months. The nine re- 
maining patients (group 1) (5 male and 4 female), 
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Echocardiographic evaluation of verapamil in Friedreich’s ataxia 


Table 1 Echocardiographic variables used to assess effect of 
verapamil treatment on heart muscle 





Variable Abbreviation 
(1) Interventricular septum thickness IVSTh 
(2) Left ventricular posterior wall thickness LVPWTh 
(3) IVSTh/LVPWTh ratio — 
(4) Left ventricular end diastolic diameter LVEDD 
(5) Left ventricular end systolic diameter LVESD 
(6) Left ventricular mass index LV mass index 
(7) Left ventricular fractional shortening FS% 
Left atrium:aorta ratio LA: 
8 } Time from minimum left ventricular cavity, 
dimension to the onset of mitral 
valve opemng LVESD-MVO 
a Peak normalised lengthenmg rate star 
(11) Peak rate of septal thinning dSd/dt 


(12) Peak rate of posterior wall thinning dWdjdt 





were aged from 10 to 34 years (mean age (SD) 21:9 
(7:5)), with body surfaces between 1:05 and 1:8 m? 
(mean (SD) area 1:43 (0-27)). Another nine patients 
with the same condition (group 2) served as controls. 
There were 6 male and 3 female patients aged from 
10 to 36 years old (mean (SD): age 20-3 (8-1)), with 
body surfaces between 0-9 and 1-8 m? (mean (SD) 
area 1-45 (0-24)). Patients had cardiological exam- 
inations every three months for 13 to 37 months in 
group 1 (mean (SD)'24 (8-4) months) and 10 to 49 
months in group 2 (mean 24 (SD) 13 months). Age, 
body surface area, and length of follow up were sim- 
ilar in the two groups. Echocardiographic findings of 
groups 1 and 2 were compared with those of 25 nor- 
mal subjects (group 3) of similar mean (SD) age 
(20:6 (9:7) years) and body surface area (1-44 
(0-15) m7). Patients took verapamil (7 mg/kg daily) 
as two or three-separate oral doses. Venous blood 
samples were taken from seven of the nine patients 
within four to six hours of a dose of verapamil and 
were assayed for unchanged drug and metabolites 
(norverapamil D,¢;7 to D620). Blood concentrations 
(mean (SD) 128 (118)ng/ml) were within ther- 
apeutic range (41 to 327 ng/ml). 

Table 1 shows echocardiographic variables that 
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we used to assess the effect of verapamil treatment 
on the heart muscle. Each patient was examined by 
M mode echocardiography on at least three occa- 
sions. Echocardiograms were obtained with a com- 
mercially available machine equipped with a 0:5 cm 
transducer, ultrasound frequency 2:25 MHz, con- 
nected to a paper printout unit (chart speed 25 or 
50 mm/sec), and an electrocardiogram was recorded 
simultaneously. All echocardiographic examinations 
were conducted by the same cardiologist who fol- 
lowed the recommendations of the Workshop of the 
European Society of Cardiology,’® and paid special 
attention to the left and right endocardium of the 


~ interventricular septum and posterior wall of the left 


ventricle. Tracing reproducibility was ensured by 
consistent use of the same echocardiographic win- 
dow with the patient in the same position. Left ven- 
tricular mass was calculated by the Devereux 


. equation and Penn’s convention.” Left ventricular 


volume was calculated by the cube formula. All trac- 
ings were technically adequate for calculation of 
variables 1 to 8 (Table 1). 

Left ventricular diastolic function was assessed 
from a digitised Mmode echocardiogram recorded 
at 50 mm/s chart speed. Six of nine echocardiograms 
in group 1 and seven of nine in group 2 were suitable 
for computer analysis. For each case we digitised 
three consecutive cardiac cycles with clearly 
identifiable septal endocardial and posterior wall en- 
docardial echoes. The M mode cursor was posi- 
tioned over the left ventricle to provide best imaging 
of the interventricular septum, posterior wall of the 
left ventricle, and separation of mitral valve leaflets. 
The point of mitral valve opening was identified. 
Digital conversion was done with a hand operated 
graphic tablet (Hewlett-Packard 9111A); digital data 
were processed by a Hewlett-Packard 1000 com- 
puter system that gives instantaneous plots of left 
ventricular internal dimension, septal and posterior 
wall thickness, and the rate at which they are chang- 
ing. Variables 9 to 12 (Table 1) were calculated by 
i a analysis. Peak normalised lengthening 


Table 2 Statistical comparison (Kramer test) of echocardiographic ties tn patients with Friedreich’s ataxia treated 
with verapamil (group 1), untreated panents (group 2), and healthy subjects (group 3) 





Variable Group 1 os Group 3 Pp Group 2 vos Group 3 P Group 1 vs Growp2 P 
IVSTh (mm) 111 q 4 65(10) <001 10 2 (1 3) 65 a 3 <001 11-1 (1-4) 10-2 (1:3) NS 
LVPWTh (mm) 109 (16 61 (1 2) <001 100 (0 8) 61(1-2 <001 10-9 (1 6 100 (08) NS 
IVS/LVPW 10 (02) 4842 NS 090 6) 11(0-2 NS 10 (02 09(01) NS 
L D (mm) 384(53) 448(42 <001 415 (46 44-8 (42 NS 38-4 (5-3 415(46) NS 
LVESD (mm) 252(57) 269(34) NS 26-5 (45) 269(34 NS 25 2 (5. 26/5 (45) NS 
LV mass index (g/m?) 1119 (26) 625(16)  <0-Ol 112-8 (18) 625(16) <001 111-9 (26) 112-8 (18) NS 
FS% 341(83) 397(48) <0 05 36-2 (7-6) 397(48) NS KETA 36-2 (76) NS 
AO 11(01) 11(01) NS 11 (02) 1:1(01) NS 1-1 (0-1 11(0-2) NS 

surface 

area (m?) 14(03) 14(01) NS 14(03) 14(01) NS 14(03) 14(0-3) NS 





See Table 1 for abbreviations. 
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Table 3 Statistical comparison (Kramer test) of echocardiographic variables m left ventricular diastolic function and 
relaxation in patients with Friedretch’s ataxia treated with verapamil (group 1), untreated patients (group 2), and healthy 








subjects (group 3) 

Variable Group 1 us Group 3 p Group 2 us Group3 p Group | us Group 2 p 

LVESD-MVO (ms) 57 (26) 55 (27) NS 28 (39) 55 (27) NS 57 (26) 28 (39) NS 
rate (s~!) 37 (06) 50(16) NS 40 (09) aoe) NS 3208) 400R NS 

dSd/dt (cm/s) 4301 r 6 8 (23) <0-05 45 (1 $) 68 (23 <0 05 430-4 45 (16 NS 

dWd/dt (cm/s) 67019 12 3 3) <001 7232 12 (3:3) <001 67 (1 9) 7-2 (3 2) NS 


See Table 1 for abbreviations. 


rate and peak rate of septal and posterior wall thin- 
ning were used to assess diastolic function.!® Time 
from minimum left ventricular cavity dimension to 
onset of mitral valve opening was used as an index of 
left ventricular relaxation. We did not measure the 
isovolumic relaxation time (that is the interval be- 
tween the second heart sound and mitral valve open- 
ing) because in some cases an accompanying 
phonocardiogram was not available; also, this inter- 
val has been reported to be an unreliable indicator of 
ventricular relaxation in patients with hypertrophic 
cardiomyopathy.!? 

We used the Kramer test?° and covariance 
analysis*! for statistical analysis; the former is suit- 
able for comparison of means from groups of un- 
equal sizes and the latter for adjusting values 
obtained at the end of follow up so that the influence 
of differences between the initial means for the two 
groups is eliminated. 


Results 


Tables 2 and 3 show the echocardiographic data 
from patients with Friedreich’s ataxia treated with 
verapamil (group 1), data from similar patients not 
receiving treatment (group 2), and data from normal 
subjects (group 3). 

Patients with Friedreich’s ataxia (groups 1 and 2) 
had significantly (p < 0:01) thicker interventricular 
septal and posterior left ventricular walls. They also 


had significantly (p<0-01) higher left ventricular 
mass indices and significantly (p <0-01) slower peak 
rates of posterior wall thinning. Peak rates of septal 
thinning were significantly (p <0-05) slower in pa- 
dents with Friedreich’s ataxia than in normal sub- 
jects. The end diastolic diameter of the left ventricle 
was significantly smaller in patients of group 1 than 
in group 3, but there was no significant difference 
between groups 2 and 3. The left ventricular frac- 
tional shortening was significantly less in patients in 
group 1 (but not in patients in group 2) than in 
group 3 (p<0-05). 

There were no differences between groups for 
time from minimum left ventricular cavity dimen- 
sion to onset of mitral valve opening or for peak 
lengthening rates. Tables 4 and 5 summarise the ini- 
tial and final echocardiographic findings obtained in 
patients of groups | and 2. Palpitation in one patient 
and recurrent headache in another abated while they 
were on verapamil. None of the patients developed 
evidence of heart failure during long term verapamil 
treatment. 


Discussion 


Our results are at variance with those reported by 
other workers who used similar doses of verapamil 
to treat patients with hypertrophic cardio- 
myopathy.* £8 22 We found that long term treatment 
with verapamil of patients with cardiomyopathy as- 


Table 4 Statistical comparison (covariance analysis") of echocardiographic variables at the beginning and at the end of 
follow up in patients who were treated with verapamil and those who were nor 





Variable Before verapamil 
Group 1 vs Group 2 

IVSTh (mm) 111(14) 10 2 (13) 
LVPWTh (mm) 10-9 (1 6) 100 (08 
IVS/LVPW 10 (02) 0901 
LVEDD (mm) 38 4 (53) 41 5 (46) 
LVESD (mm) 252157) 26 5 (4.5) 
LV mass index (g/m?) 111-9 (26) 112 8 (18) 
FS% 34 1 (83) 36:2 (7:6) 
LA/AO 12(01) 11 (0-2) 


After verapanal 
Group 1 us Group 2 
11 (18 Li 3) 
111 (19 %4 (1:1) 
10 (01) 11(01) 
40-4 (5 w 42:5 (6:5) 
265 (51 27-0 on 
124 3 (41) 108 1 (17) 
35-1 a 36 8 (7 3 
11 (01 1-1 (02 





*None of the variables was significantly different. 
See Table 1 for abbreviations. 
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Table 5 Srartstical comparison (covariance analysis*) of echocardiographic vartables of left ventricular diastolic function 
and relaxation at the beginning and at the end of follow up in patients treated with verapamil (group 1) and those who were 








not (group 2) 
Variable Before verapamil After verapamil 

Group 1 us Group 2 Group 1 us Group 2 
LVESD-MVO (ms) 57 (26) 28 (39) 44 (14) 31 (33) 
Lng rate (87+) 37 (06) 40 (09) §+1 (15) 41016) 
dSd/dt (cm/s) 43a 3 45 (16) 57 (26) 41 (12) 
dWd/dt (cm/s) 679 7232) 9-8 (4 5) 6 8 (2:7) 


*None of the variables was significantly different. 
See Table 1 for abbreviations 


sociated with Friedreich’s ataxia produced no de- 
tectable difference by echocardiography between 
treated and untreated patients after mean follow up 
of two years. Our findings do, however, accord with 
those of Rosing et al who did not see any significant 
reduction of septal or posterior wall thickness in the 
left ventricle of 31 patients treated by long term ad- 
ministration of verapamil and followed up for at 
least one year.?? The reduction of left ventricular 
thickness reported by Kaltenbach etal, by Kuhn 
etal, and by Spicer was <2mm and was sometimes 
only of borderline significance.® 8 22 

Our results do not support the hypothesis that in- 
tramyocardial calctum accumulation is an important 
factor in the pathogenesis of cardiac disease in 
Friedreich’s ataxia. Although the hypothesis rests 
on apparently good experimental evidence, the fact 
remains that verapamil did not reduce established 
myocardial hypertrophy. The role of calcium accu- 
mulation in the pathogenesis of myocardial hyper- 
trophy in patients with Friedreich’s ataxia can 
probably only be established by a study in which 
verapamil is given early in the course of disease, 
when neurological and cardiac signs and symptoms 
are just beginning to appear—that is, before myo- 
cardial cells are replaced by fibrotic tissue.’ 7+ 

Our data on basal diastolic function accord 
broadly with those reported by St John Sutton et al 
in a study of seven patients with Friedreich’s ataxia.’ 
All patients with hypertrophic cardiomyopathy 
(groups 1 and 2) had a highly significant reduction of 
the posterior wall thinning peak rate and a 
significant reduction in septal thinning rate com- 
pared with normal subjects. The peak rate of left 
ventricular lenthening, on the other hand, was not 
significantly reduced (in St John Sutton’s series this 
variable was slightly less than normal values in two 
of seven cases). Unlike St John Sutton et al we did 
not find that the time from minimum left ventricular 
cavity size to onset of mitral valve opening was 
significantly increased. 

We found that oral verapamil had no beneficial 


effects ın group 1, not even on the diastolic indices of 
left ventricular function. This finding 1s seldom re- 
ferred to in published reports, and only then in pa- 
tients with hypertrophic cardiomyopathy other than 
Friedreich’s, and also chiefly in connection with 
studies of the short term effects of the drug. Even in 
this limited area, the results of various studies are 
not in complete accord.° 75 76 

In conclusion, long term oral treatment with vera- 
pamil at high doses was readily tolerated by all our 
patients. In particular, there was no deterioration of 
left ventricular systolic function or evidence of heart 
failure. Verapamil, a calcium antagonist, did not re- 
duce left ventricular wall thickness, possibly because 
interstitial fibrosis in these patients with Fried- 
reich’s ataxia was already advanced. Left ventricular 
diastolic function was not significantly improved by 
long term verapamil treatment. 

In our opinion routine verapamil treatment is not 
justified in symptom free patients who have 
Friedreich’s ataxia complicated by hypertrophic 
cardiomyopathy. Alone or in association with other 
drugs, however, verapamil might be useful in the 
treatment of supraventricular tachyarrhythmia in 
selected cases. 


We thank Mrs Loredana Parinello for the statistical 
analysis, and Dr R Padrini for the blood verapamil 
assays. . 
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Cross sectional echocardiographic appearance in 
presumed congenital absence of the left pericardium 


ASFENDIYAR CANDAN, CETIN EROL, AHMET SONEL 
From the Department of Cardtology, Faculty of Medicine, Ankara Umiversity, Ankara, Turkey 


` SUMMARY An unusual and new cross sectional echocardiographic feature, bulging of the inferior 
left ventricular wall during diastole, is described in a 35 year old woman with congenital total 
absence of the left pericardium. The diagnosis was made on the characteristic clinical, electro- 
cardiographic, echocardiographic, and radiological findings. - 


Congenital absence of the left pericardium was 
thought to be uncommon, and up to about 10 years 
ago was usually only diagnosed by surgeons and 
pathologists: The clinical diagnosis from the combi- 
nation of physical examination, electrocardiogram, 
and chest radiograph has been reported.1? We 


- present a patient in whom absence of the left peri- 


cardium was diagnosed clinically and by cross sec- 
tional echocardiography. 


Case report 


A 35 year old woman was referred to the cardiology 
department because of the unusual appearance of a 
chest radiograph taken before an operation for 
chronic otitis media. She complained of mild symp- 
toms of atypical chest pain and dyspnoea on exertion 
for four years. Her blood pressure was 130/80 
mm Hg and the pulse rate was 80 beats/minute and 
regular. She was in no distress. The apical impulse 
was located in the mid axilla and was prominent. 
There was a grade 1/6 systolic ejection murmur at 
the pulmonary area. The second heart sound was 
widely split, but not fixed. The electrocardiogram 
showed right axis deviation and leftward displace- 
ment of the transition zone in the precordial leads. 
The chest radiograph showed an unusual bulging on 
the apical area. Left lateral chest radiograph and 
tomograms showed interposition of lung tissue be- 
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tween the inferior border of the heart and the left 
hemidiaphragm (Fig. 1). A similar finding was also 
shown by a radionuclide perfusion image of the 
lung.? On M mode echocardiography there was re- 
versed movement of the interventricular septum. 
Cross sectional echocardiographic examunation 
showed that the dimensions of both ventricles were 
normal. At the level of thë apex beyond the mitral 
valve (Fig. 2) there was a bulge on the lateral mid- 
inferior and inferior walls at the end of diastole and 
a return to normal during systole. No other abnor- 
mal features were seen. The patient did not give her 
consent for either an artificial pneumothorax or car- 
diac catheterisation. 


Discussion 


Congenital absence of the left pericardium is a rare 
condition. It may be diagnosed on the basis of clini- 
cal signs and electrocardiographic and radio- 
graphic findings. The performance of an artificial 
pneumothorax, to confirm the diagnosis is un- 
warranted.1? Cardiac catheterisation with angi- 
ography is useful when the diagnosis is in doubt or 
when surgical management is necessary, especially 
for partial absence’? The M mode echo- 
cardiographic features of the congenital complete 
absence of the left pericardium, which are dilatation 
of the right ventricle and paradoxical inter- 
ventricular septal motion are not diagnostic of this 
lesion. They may be seen in various conditions, such 
as atrial septal defect, partial anomalous pulmonary 
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Fig. 1 a) Chest radiograph and (b) tomogram showing prominent pulmonary artery and the interposition of lung tissue 
between the inferior border of the heart and the left hemidiaphragm. Unusual bulging of the apical area is indicated by 





arrows 


: * 
Fig. 2. Echocardiograms in the (a) parasternal long axis view at the end of diastole and (b) the same 
view at end systole. Note the bulging (arrows) of the lateral infericr wall. (c) Parasternal short axis 
view at the apex at end diastole and (d) the same view at end systcle. Note the same bulging of the 
inferior wall (arrows). The bulging is not present in (b) and (d). Ao, aorta; LA, left atrium; LV, left 
ventricle; RV, right ventricl 





Cross sectional echocardiographic appearance in presumed congenital absence of the left pericardium 


venous connection, tricuspid regurgitation, and after 
cardiac surgery.* None the less, M mode echo- 
cardiography is useful for differentiating these con- 
ditions when it is used as an adjunct to cross sectional 
echocardiography. Recently, Rowland et al de- 
scribed the cross sectional echocardiographic 
findings in a patient with partial absence of the left 
pericardium.’ Nicolosi et al reported cross sectional 
echocardiographic findings in two patients with ab- 
sence of the left pericardium. These were caused by 
lateral rotation and excessive cardiac motion and 
were consistent with the M mode features.° To our 
knowledge, this is the first report showing a very 
unusual feature of a congenital total absence of the 
left pericardium on cross sectional echo- 
cardiography. The bulging seen on the inferior wall 
may mimic a ventricular aneurysm, but unlike an 
aneurysm this appearance was most prominent dur- 
ing diastole and disappeared during systole. On the 
other hand, this localised abnormality of the left ven- 
tricular contour with normal right ventricular di- 
mensions can help to distinguish patients with 
congenital absence of pericardium from those with 
right ventricular volume overload. 
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We thank Aytekin Besirn and Emin Alp Niron for 
drawing our attention to this case. 
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Myocardial infarction after blunt chest trauma 
incurred during rugby football that later required 


cardiac transplantation 


ANDREW H WATT, MICHAEL R STEPHENS 
From the Department of Cardiology, University Hospital of Wales, Heath Park, Cardiff 


SUMMARY A 28 year old man sustained an extensive anterolateral myocardial infarction five 
minutes after a blow on the chest while playing rugby football. The resulting persistent cardiac 
failure necessitated orthotopic cardiac transplantation. 


Blunt trauma to the chest may result in various 
cardiac injuries,' including myocardial infarction. 
Such cardiac injury is most commonly seen after 
road traffic accidents, due to impact of the chest on 
the steering wheel. Cardiac injury may also result 
from other types of blunt chest trauma. There are 
reports of such injuries occurring during sporting 
activities including cricket,* association football, * 
horse-riding,’ softball,° boxing,’ and basketball.® 
We report a case of myocardial infarction in a young 
man that occurred minutes after he received a blow 
on the chest while playing rugby. We have not found 
any other reports of a similar injury in which myo- 
cardial infarction occurred and was subsequently 
treated by cardiac transplantation. 


Case report 


A 28 year old man developed severe central chest 
pain associated with dyspnoea and sweating about 
five minutes after receiving a blow to the chest dur- 
ing a high tackle while playing rugby football. He 
was admitted to a local hospital where he was found 
to be hypotensive and to have pulmonary oedema. 
Myocardial infarction was diagnosed. 

The next day he was transferred to this hospital 
because of evidence of persisting cardiogenic shock 
with left ventricular failure despite treatment with 
diuretics and intravenous inotropic support. On 
admission he was restless, sweating, had low volume 
pulses, and a blood pressure of 80/60 mm Hg. There 
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was clinical and radiological evidence of severe pul- 
monary oedema. There was no evidence of peri- 
cardial fluid on echocardiography. Serial electro- 
cardiograms showed the changes of an acute 
anterolateral myccardial infarction with reciprocal 
changes in the inferior limb leads (Fig. 1). Serial car- 
diac enzyme concentrations were considerably 
increased (peak creatine kinase being 86931U/I). 
There was no sternal abnormality or sign of external 
injury. 

Treatment with diuretics and intravenous and 
oral inotropes was continued and vasodilator treat- 
ment including angiotensin-converting enzyme 
inhibitors was added. Daily urine output was 
650-1300 ml/24 h during the first week of admission. 
Mean pulmonary capillary wedge pressure during 
this period was in the range 14-20 mm Hg. Cardiac 
output was not measured. He slowly improved over 
about three weeks, although evidence of pulmonary 
oedema persisted. He had several episodes of pul- 
monary thromboembolism and was given anti- 
coagulants. Recurrent episodes of ventricular tachy- 
cardia were successfully treated with amiodarone. 
He was discharged, at his own insistence, four weeks 
after admission. At that time the pulmonary com- 
ponent of the second heart sound was loud and he 
could walk less than 100 yards on the level. 

Cardiac catheterisation was carried out eight 
weeks after the original admission; initially he had 
refused permission for invasive investigation. 
Despite intensive medical treatment his exercise tol- 
erance remained very restricted. The loud pul- 
monary component of the second heart sound per- 
sisted and the pulmonary arterial pressure was 
found to be raised (60/28 mm Hg), as was left atrial 
pressure (mean 26mm Hg). Systemic arterial pres- 
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Myocardial infarct after trauma during rugby football 
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sure was 80/60mmHg. Left ventricular angio- 
graphy demonstrated a considerably dilated ven- 
tricle, with widespread akinesis sparing only the 
septum and inferior wall, In the left coronary system 
there were several elongated stenoses, none of which 





Fig.2 Selective arteriography of the left coronary artery 

showing slight proximal stenosis (arrow) of the left anterior 
descending coronary artery and an elongated stenosis in the 

mid-portion of the circumflex coronary artery. 





Electrocardiogram showing evidence of an anterolateral myocardial infarction. 


appeared to be repens EEE important. There 
was a stenosis of < 50°, at the origin of the left ante- 
rior descending artery ( (Fig. 2). The dominant right 
coronary artery appeared to be normal. 

He was referred to Harefield Hospital for consid- 
eration for cardiac transplantation in view of the 
continuing cardiac failure and symptomatic disabil- 
ity secondary to the extensive left ventricular dam- 
age. Orthotopic cardiac transplantation was carried 
out three months after the myocardial infarction 

Pathological examination of the excised heart 
showed extensive fibrosis of the left ventricle, spar- 
ing only the inferior wall and part of the septum 
The left main coronary artery and proximal left 
anterior descending artery were atheromatous 

Twelve months after transplantation the patient 
has resumed full time employment and is 
progressing well. 


Discussion 


We are not aware of any other case report describing 
myocardial infarction after blunt chest trauma sus- 
tained while playing rugby football, nor do we know 
of any reported case in which myocardial infarction 
following blunt chest trauma of any cause has been 
treated by cardiac transplantation. 

In cases of blunt chest trauma such as the one we 
describe it may be difficult to attribute with certainty 
the observed myocardial damage to the blow on the 
chest. In several cases only minutes passed between 
the time of the blow to the chest and the onset of 
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cardiac ischaemic pain,>* and so a causal relation 
seems likely. In others an hour or more elapsed 
between the chest trauma and the onset of 
symptoms® and in such cases the suggestion of a 
causal relation is less convincing. We believe that the 
short interval between the blow on the chest and the 
onset of typical symptoms of myocardial ischaemia 
in the case that we report strongly supports the 
interpretation that the chest trauma contributed to 
the onset of myocardial infarction. 

The mechanism(s) of myocardial infarction after 
blunt chest trauma is unclear. Coronary artery 
dissection?” and thrombosis*® with or without 
recanalisation or focal spasm have been suggested as 
possible mechanisms. Thrombosis of a coronary 
artery after trauma has been shown at necropsy.° 7 It 
remains to be established to what extent intimal dis- 
section, plaque rupture, prolonged focal coronary 
spasm, or other mechanisms contribute to the onset 
of thrombosis. Recanalisation of an occluded artery 
may occur,” and so delay between trauma and coro- 
nary arteriography may falsely increase the number 
of cases with “normal” coronary arteries at angio- 
graphy. In some cases myocardial contusion rather 
than coronary artery injury may have occurred. It 
appears likely that different mechanisms may oper- 
ate in individual patients. 

In our case we believe the most likely sequence of 
events was that thrombotic occlusion occurred at the 
origin of the left anterior descending artery after the 
blow on the chest and that recanalisation occurred 
before coronary arteriography was carried out. It 
may be that the blow on the chest caused fissuring of 
an atherosclerotic plaque and secondary thrombosis, 
similar to the “spontaneous” fissuring of plaques 
believed to occur frequently in ischaemic heart dis- 
ease. t” 

Management of patients sustaining a myocardial 
infarction after blunt chest trauma must be empir- 
ical in view of the small number of reported cases. 
Initially it seems reasonable to manage the situation 
much as one would when myocardial infarction is 
secondary to coronary atheroma. Echocardiographic 
examination of the heart for other abnormalities 
secondary to trauma—for example haemoperi- 
cardium—appears to be appropriate. 

Many patients will make an uneventful recovery 
after their myocardial infarct but some may have 
residual angina pectoris.* This may be due to incor- 
poration of mural thrombus into the coronary arte- 
rial wall which results in a haemodynamically 
important stenosis. It seems reasonable to treat such 
angina pectoris in the conventional manner. 

Other patients may have cardiac failure which 
responds to medical treatment with diuretics, 
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digoxin, and vasodilators (particularly the angio- 
tensin converting enzyme inhibitors). In patients 
with severe left ventricular damage the quality of life 
may remain poor despite medical treatment,'! and 
operation must be considered—for example, 
aneurysm resection®——if myocardial damage is local- 
ised. Unusually, left ventricular damage is severe, 
cardiac failure is refractory to intensive medical 
treatment, the quality of life is poor, and con- 
ventional surgery has little to offer. In these circum- 
stances cardiac transplantation should be consid- 
ered. The prognosis in our patient who had 
persistent cardiac failure, ventricular tachy- 
arrhythmias, and recurrent pulmonary throm- 
boembolism appeared to be poor. Cardiac trans- 
plantation has dramatically improved this patient’s 
quality of life, and it appears likely to have improved 
his prognosis. 


We are grateful to Mr M Yacoub, FRCS, for his 
invaluable help in the management of this case. 
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Left coronary artery dissection: an unusual 


presentation 


GRAHAM F AD KINS,* RICHARD H STEELEf 
From the *Department of Pathology, Royal Brisbane Hospital, Herston; and the t Department of Pathology, 


Umversity of Queensland, Austraha 


SUMMARY Primary dissecting aneurysm of the left main stem coronary artery is a rare cause of 
coronary arterial occlusion that usually presents as sudden death or myocardial infarction in a 
young woman. A 32 year old woman with no signs of cardiac disease who died as the result of a 
right cerebral infarction was found to have coronary dissection and myocardial infarction at 


necropsy. 


Dissection of a coronary artery may occur secondary 
to the extension of an aortic dissection, in association 
with coronary angiography,'? or as a complication 
of cardiac operations.? Spontaneous primary dis- 
section of a coronary artery is an uncommon cause of 
death that is seen predominantly in young women. It 
was first described in 1931 in the right coronary ar- 
tery of a 42 year old woman.* Since then most case 
reports have shown that the dissection affects the 
anterior descending branch of the left coronary ar- 
tery. Twelve cases of left main stem coronary artery 
involvement have been reported and in most of them 
dissection included the left anterior descending and/ 
or left circumflex arteries as well.5 Our case is un- 
usual in that the dissection was restricted to the left 
main stem coronary artery and did not extend into 
either of its two branches. ; 


[i 


Case report 


A white woman aged 32 had a history 'of asthma as a 
child. She had had three uneventful pregnancies; 
her youngest child was three years old. She was on 
no medication, was not taking oral contraceptives, 
and smoked up to 20 cigarettes a day. 

One week before admission she and her family ate 
a meal of freshly caught prawns. Soon after this she 
experienced epigastric discomfort, vomiting, and 
diarrhoea; other members of the family were 
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unaffected. Her illness persisted for two days and 
she attributed it to food poisoning. The temporal 
coincidence of these symptoms with the age of the 
dissection, however, suggests that they may have 
been produced by vagal or sympathetic stumulation 
caused by the dissection. After this episode she re- 
mained well for four days. On the day of admission 
she noted the sudden onset of paraesthesia and 
weakness on the left side of her body after she had 
eaten her evening meal. She was transferred to the 
casualty department of the Royal Brisbane Hospital 
where she was found to be conscious but drowsy. 
Blood pressure was 80/60mm Hg. Physical exam- 
ination showed a left sided decrease in muscle tone 
and loss of muscle power associated with 
hyperreflexia. The remainder of the examination 
was unremarkable. In particular the pulse rate was 
72 beats per minute and regular, the heart sounds 
were normal, and no murmurs were heard. 

Investigations showed widespread depression of 
the ST segment in leads II, III, and aVF on electro- 
cardiography (Fig. 1). The only biochemical abnor- 
mality detected was a lactate dehydrogenase activity 
of 542 units/litre (normal range 125-220). Chest and 
skull x rays were reported to show no abnormality. A 
computerised axial tomography head scan showed a 
right sided low density lesion that was consistent 
with a large infarct in the area of distribution of the 
right middle cerebral artery. There was no evidence 
of subarachnoid haemorrhage. No underlying cause 
was found for the right cerebral infarct. Her neu- 
rological state deteriorated and she died two days 
. after admission. 
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Fig. 1 Electrocardiogram obtained at admission one week after first symptome. It was not considered to be diagnostic of heart 


disease. 
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Fig.2 The first part of the left coronary artery opened to show the dissecting aneurysm. 


Left coronary artery dissection 
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Fig. 3 Photomicrograph of wall of the left coronary artery showing the dissection in the outer third of the media. Verhofl van 


Gieson, original magnification x 20. 


Pathology 


External examination at necropsy showed the body 
of a young adult female (height 1-65m, weight 
68 kg). Her fingers were unusually long when com- 
pared with her body build and gave the subjective 
impression of arachnodactyly. No other features 
suggestive of Marfan’s syndrome were found, al- 
though they were specifically sought. The heart was 
of normal size and weighed 320 g. Subendocardial to 
full thickness infarction affected the anterior one 
third of the interventricular septum and the anterior 
and lateral portions of the free wall of the left ventri- 
cle. The region infarcted was in the distribution area 
of the left coronary artery. The coronary arteries 
arose normally from the aorta and had a normal 
anatomical distribution with the left main stem co- 
ronary artery bifurcating and giving rise to normally 
sized left anterior descending and left circumflex 
branches. 

There was a dissecting aneurysm of the left main 
stem artery (Fig. 2) which had resulted in total oc- 
clusion of the vessel lumen. This dissection affected 
the length of the left main stem but did not involve 


the aorta or either of the two branches of the left 
coronary artery. No internal tear was identified. 
Examination of the remainder of the heart showed 
mural thrombi in the left atrial appendage and in the 
left ventricle overlying the area of infarction. The 
right coronary artery, aorta, and its branches and 
large muscular arteries throughout the body ap- 
peared to be macroscopically normal. An occlusive 
thrombus, consistent with an embolus from the left 
atrium or ventricular wall, was found in the distal 
right internal carotid artery and there was recent in- 
farction of the right cerebral hemisphere in the area 
of distribution of the right middle cerebral artery 
Histological examination showed a circum- 
ferential dissection of the left main stem coronary 
artery with separation of the outer one third of the 
media from the adventitia and evidence of early or- 
ganisation of the clotted blood (Fig. 3). There were a 
few lymphocytes and eosinophils in the adventitia, 
but there was no evidence of vasculitis. Diffuse in- 
timal thickening with abundant smooth muscle cells 
and some elastin was seen in the left main stem coro- 
nary artery, but there were no features of athero- 
sclerosis and no evidence of intimal disruption 
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Similar changes were noted in the proximal portions 
of the right coronary artery. The arterial media of 
both vessels contained recognisable small pools of 
Alcian blue positive mucopolysaccharide material. 
Examination of the ascending and descending por- 
tions of the thoracic aorta showed prominent accu- 
mulations of mucopolysaccharide within the 
lamellar units and this was associated with fragmen- 
tation and focal loss of elastic fibres. No evidence of 
dissection was found in the root of the aorta adjacent 
to the left coronary ostium. 


Discussion 


Spontaneous dissection of a coronary artery un- 
related to coronary angiography, cardiac surgery, 
and blunt chest trauma is rare but well recognised. 
At least 75 cases have been reported since the origi- 
nal description in 1931,° and several reviews of the 
published cases have demonstrated similar back~ 
ground features. © Most patients are women (60 of 
75), most are young (mean age 37—42 years), and 19 
of 60 cases reported in women occurred peripartum. 
Apart from this association with pregnancy and the 
puerperium, coronary artery dissection is usually 
not associated with any other clinical condition or 
pre-existing disease state. One case has been pre- 
viously reported in association with arachnodactyly. 
Though, as in our case, the patient had no other 
stigmata of Marfan’s syndrome.’ In most cases the 
left anterior descending coronary artery is dissected 
but any of the main coronary arteries may be 
affected. Twelve cases of dissection of the left main 
stem coronary artery have been reported. Many of 
the cases have shown extension of the dissection into 
the left anterior descending and or left circumflex 
branches but this feature was not present in our case. 

Clinically most cases present with sudden death or 
with symptoms and signs of myocardial infarction. 
Our case is unusual in that the probable episode of 
dissection was believed by the patient to be a bout of 
food poisoning and she did not seek medical assis- 
tance. She then remained well and symptom free for 
four days until she presentated with an acute cere- 
bral infarct, presumably the result of embolus from 
the left ventricle. Even on admission there was no 
clinical sign of heart disease and the electro- 
cardiographic changes were regarded as not specific. 

The histological changes in the coronary arteries 
and aorta are of interest. Cystic medial necrosis (the 
pooling of acid mucopolysaccharide material) has 
been described in 25 of the 66 cases of spontaneous 
dissection examined microscopically. These in- 
cluded a woman in the post partum period,® a 
woman who had not recently been pregnant,’ and an 
elderly man with alcoholic liver disease.!° As 
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pointed out by Glasgow etal in many cases in both 
men and women there is no evidence of cystic medial 
necrosis, even when the aorta and coronary arteries 
are carefully examined.* In our case, however, Al- 
cian blue positive material was found in the media of 
the left main stem coronary artery as well as in the 
media of the proximal right coronary artery and the 
aorta. Fragmentation and loss of elastin was an asso- 
ciated feature in the aorta. The association of cystic 
medial necrosis in both coronary artery and prox- 
imal aorta has been mentioned in some of the pre- 
viously reported cases,!° 1! though not in others. 
Molloy et al and Malloch have emphasised that _ 
dissection should be suspected in young women 
with no previous history who present with un- 
expected circulatory collapse, myocardial ischaemia, 
or infarction, especially in the puerperium.’ 1? Sus- 
picion of the diagnosis may then lead to emergency 
investigation of the coronary arteries and possible 
life-saving cardiac operation. Unfortunately our pa- 
tient had no definite symptoms or signs to indicate a 
cardiac disease and, as with so many previously re- 
ported cases, the diagnosis was made at necropsy. 
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Ductus arteriosus associated with an anomalous left 
coronary artery arising from the pulmonary artery: 
catastrophe after duct ligation 


EDGARDO ORTIZ, MARC D8 LEVAL, JANE SOMERVILLE 
From thé Paediatric and Adolescent Unit, National Heart Hospital, and the Hospital for Sick Children, Great 


Ormond Street, Tondon 


SUMMARY Chronic left ventricular failure developed two months after ligation of an apparently 
uncomplicated large ductus arteriosus in a one year old girl. Two years later deterioration had 
progressed to a terminal stage. An anomalous left coronary artery arising from the pulmonary 
artery had not been recognised before duct ligation. This anomaly was diagnosed two years after 
ligation and was then treated by surgical redirection, but the patient died of severe left ventricular 


dysfunction. 


The association of ductus arteriosus with an anoma- 
lous left coronary artery from the pulmonary artery 
has been reported once before.! Recognition of the 
coronary anomaly before ligation of a large duct is 
difficult and the effect of routine ligation may be 
disastrous. We describe a patient with these associ- 
ated lesions in whom the coronary abnormality was 
not diagnosed until two years after ligation. Despite 
surgical redirection of the anomalous artery she 
died. 

Case report 

A one year old girl from -Oman was referred in 
chronic heart failure with signs of a large left to right 


shunt and collapsing pulses. She was a fullterm 
uncomplicated delivery (birth weight 3-5kg) and 


had developed heart failure at seven weeks. On. 


admission she had signs of ductus arteriosus 
together with an apical pansystolic murmur sug- 
gestive of mitral regurgitation. 

The chest x ray showed cardiomegaly and pleth- 
ora, and the electrocardiogram showed normal axis, 
P mitrale, left ventricular hypertrophy with deep S 
in V4R and V1, and deep but narrow q waves pre- 
ceding tall R waves in V5-and V6 with normal 
upright T waves. 


Requests for reprints to Dr Jane Somerville, Paediatric and Adoles- 
cent Unit, Natonal Heart Hospital, Westmoreland Street, London 
W1IM8BA 


Cross sectional echocardiography confirmed the 
large duct, a dilated but well contracting left ven- 
tricle, enlarged left atrium, a bicuspid aortic valve, 
and abnormal movement of the posterior mitral 
valve leaflet, which was attributed to papillary 
muscle dysfunction and ventricular dilatation. 

The duct was ligated and her recovery was 
uneventful in the first week. A late systolic murmur 
persisted at the apex. The postoperative echo- 
cardiogram confirmed the same posterior mitral 
leaflet abnormality. The left ventricular cavity was 
smaller than before ligation; no comment was made 
on its function. 

She returned to Oman on the eighth postoperative 
day. There was no further information until the con- 
sultant paediatrician sought the opinion of JS two 
years later. Apparently, the child had become unwell 
two months after her return home and since then she 


. had suffered from congestive heart failure. 


_She had features of left-sided heart failure and 
chronic collapse of the left lung due to pressure on 
the left main bronchus from cardiomegaly. There 
were no murmurs, but the third heart sound was 
loud and the peripheral pulses were reduced. A pos- 
sible explanation for the deterioration was the pres- 
ence of an anomalous left coronary artery from the 
pulmonary artery. On advice she had been returned 
to the UK for investigation to exclude this. 

On admission the electrocardiogram showed sinus 
rhythm, left axis deviation, smaller qR pattern with 
upright T waves, smaller R waves than before, and 
slightly depressed ST segments that were not diag- 
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Fig.l Cross sectional echocardiogram in the parasternal long axis view at left sternal border showing the 
dilated left ventricular cavity and the thin interventricular septum end posterior wall of the left ventricle. 
Impaired ventricular function and poor movement of the mitral valve were demonstrated on real time. Ao, 
aorta; LA, left atrium; LV, left ventricle. 





Fig.2 Cross sectional echocardiogram in the parasternal short axis view showing the prominent right 
coronary artery and the “left” coronary artery originating from the aortic sinus. Ao, aorta; “L’’CA, “left” 
coronary atery; RCA, right coronary artery. 


Anomalous left coronary artery and ductus arteriosus 


nostic of infarction or ischaemia. Cross sectional 
echocardiography showed a dilated thin walled and 
poorly contracting left ventricle; these features were 
particularly pronounced in the anterior portion. The 
left atrium was enlarged and there was poor but 
symmetrical movement of the mitral cusps (Fig. 1) 
The coronary arteries appeared to emerge normally 
from the aorta (Fig. 2). 

Cardiac catheterisation confirmed poor left ven- 
tricular function, with an ejection fraction of about 
10% and end diastolic pressure of 20mm Hg; the 
aortogram showed the large right coronary artery 
retrogradely perfusing the left coronary artery that 
entered the pulmonary artery posteriorly; the left 
anterior descending branch was not clearly seen. 

Despite the high risk, because of poor ventricular 
function, we hoped that ligation or reimplantation of 
the left coronary artery might improve left ventricu- 
lar function. After cardiac catheterisation she was 
intubated and ventilated, and treated with inotropes 
for 48 hours before operation. We had planned to 
ligate the left coronary artery but at operation we 
found two coronary orifices in the posterior sinus of 
the pulmonary artery which made this difficult. 
With cardiopulmonary bypass and cooling the left 
coronary orifices were directed to the aorta by means 
of a created aortopulmonary window and pericardial 
tunnel. The patient had difficulty coming off the 
bypass and when this was finally achieved the heart 
could not maintain coronary flow in diastole. 


Discussion 


When the left coronary artery originates from the 
pulmonary artery, the left ventricle is perfused with 
venous blood. Unless there is an increase in pul- 
monary diastolic pressure, there can be little or no 
perfusion from the pulmonary artery. In the fetus 
with an open duct and raised pulmonary vascular 
resistance, perfusion of the left ventricle is adequate 
for normal development. In the postnatal period, 
when the pulmonary vascular resistance falls and the 
duct closes, the perfusion of the left ventricle suffers 
and the effects of this are manifested weeks, months, 
and sometimes years later as ischaemic cardio- 
myopathy, cardiac infarction, left ventricular 
aneurysm, or mitral regurgitation. 

If a large duct persists with hyperkinetic pul- 
monary hypertension, the left coronary artery will 
be perfused with oxygenated blood. The adequacy 
of perfusion will depend upon the degree to which 
pulmonary vascular resistance is increased. In our 
patient this probably was not high since although 
left ventricular function was slightly compromised 
there was no major infarction. Perhaps impaired left 
ventricular function contributed to papillary muscle 
dysfunction and hence mitral regurgitation. Duct 
closure produced an acute change in pulmonary 
artery pressure, flow, and oxygen saturation to the 
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left coronary artery. Indeed in some cases it could be 
a cause of sudden deterioration or cardiac arrest 
after duct ligation. There was no sudden deterio- 
ration in our patient, however, presumably because 
the child was one year old at duct ligation and inter- 
coronary collaterals had already developed to main- 
tain left ventricular myocardial perfusion. This was 
inadequate for myocardial performance during nor- 
mal active life. 

Retrospective review of the postoperative echo- 
cardiogram showed definite evidence of impaired 
left ventricular contraction seven days after duct 
ligation. Left heart failure developed two months 
later due to ischaemic myopathy. By the time the 
condition was recognised the extensive myocardial 
damage was irreversible. If attention had been given 
to the deterioration in left ventricular function in the 
first postoperative week, earlier operation for the 
anomalous left coronary artery might have pre- 
vented the damage. 

What measures may be taken to avoid missing the 
rare diagnosis of an anomalous coronary artery in 
the presence of a sizeable duct for which ligation 
(closure) is indicated? Normally no invasive 
investigation is done in patients with a ductus arte- 
riosus, and even when catheterisation is performed, 
aortography is unlikely to show the anomalous coro- 
nary artery anatomy. The clinical and electro- 
cardiographic features that are suggestive of an atyp- 
ical duct were not present in this patient. Perhaps 
the early development of congestive heart failure in 
a fullterm baby with a patent duct and presence of 
mitral regurgitation with no demonstrable cusp 
abnormality should have suggested something 
unusual. Certainly the demonstration of decreased 
left ventricular function after duct ligation should 
have prompted early reinvestigation and a search for 
a coronary abnormality. 

We have found that echocardiography is 
unreliable for the diagnosis of an anomalous coro- 
nary artery in infants and children because of the 
narrow separation between the transverse sinus of 
the pericardium and the left coronary artery as they 
pass behind the pulmonary trunk, a finding 
confirmed by others.? When the appearance of the 
origins of the coronary arteries is unusual, selective 
angiography is indicated. 


EO is a Squibb Medical Research Systems Fellow, 
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The challenge and the reproach of infective 


endocarditis 


Sir, 

We have the following comments to make on Pro- 
fessor Goodwin’s editorial (Br Heart J 1985; 54: 
115-8). 

(a) We know of no evidence that fungal endo- 
carditis has increased, and certainly not as the result 
of “intensive and lengthy therapy for advanced bac- 
terial infective endocarditis.” We therefore do not 
agree with the recommendation for weekly prophy- 
lactic amphotericin. Nor do we know of any evi- 
dence that the immunocompromised are especially 
vulnerable to endocarditis. 

(b) It is not known whether appropriate prophy- 
laxis will prevent endocarditis although it is assumed 
that many potential cases are prevented by it. 

(c) The recommendation of the British Society 
for Antimicrobial Chemotherapy Working Party is 
for a single oral dose of 3 g not 2g of amoxycillin for 
dental prophylaxis. 

(d) Not all “streptococci likely to have come from 
the mouth”’ can be satisfactorily killed in vitro with 
penicillin alone. Thus treatment with penicillin 
alone is inappropriate, as indeed is ampicillin alone 
for faecal streptococci. 

(e) Potassium penicillin in large intravenous 
doses can cause hyperkalaemia, but it is no longer 
available for parenteral use. 

(f) The recommendations for gentamicin blood 
concentrations in streptococcal endocarditis might 
result in toxicity. The working party recommended 
that gentamicin should be given in a low dose to 
enchance the activity of penicillin. Peak blood con- 
centrations of 3~5 mg/l and trough blood concen- 
trations <1mg/I are sufficient for this purpose. 
Gentamicin should seldom be given for more than 
two weeks. Gentamicin can be used in combination 
with flucloxacillin to treat staphylococcal endo- 
carditis and here the dose will need to be greater 
than that for streptococcal infection to achieve peak 
blood concentrations of 5-10 mg/l and trough blood 
concentrations of <2 mg/l. 

(g) Early prosthetic endocarditis with Szaphy- 
lococeus aureus is nearly always the result of sternal 
wound infection and resultant bacteraemia. The 
aetiology of late prosthetic endocarditis is quite 
different from early onset infection. It is caused by 
the same spectrum of organisms as those causing 


natural valve infection. 

(h) Antibiotic resistance of the infecting organism 
is seldom the reason for a fatal outcome in endo- 
carditis. The mortality of this disease remains high 
because of late diagnosis, poor choice and incorrect 
dosage of antibiotics, and, more important, late 
referral to cardiologists and cardiac surgeons. 

(i) The most important initial investigations in 
suspected endocarditis are blood cultures. An eryth- 
rocyte sedimentation rate and haemoglobin are not a 
substitute because they are non-specific. Where 
“viridans streptococci” are cultured from the blood 
the diagnosis is nearly always endocarditis and 
sometimes it may come as a surprise. 


Susannah Eykyn 
on behalf of the working party on Endocarditis of 
the British Society for Antimicrobial Chemotherapy 


Department of Microbiology, 
St Thomas’ Hospital, 
London SE1 7EH. 


This letter was shown to Professor Goodwin, who 
replies as follows: 


Sir, 

I welcome the opportunity of replying to Dr 
Eykyn’s important comments as her letter gives me 
the chance to reinforce the message in my editorial 
that early diagnosis and early consultation with the 
cardiac surgeons are important for success in treat- 
ment and reduction of mortality. 

(a) I know of no evidence that fungal infection 
has increased nor did I quote any. I suggested that 
“fungal infection may paradoxically have increased 
as a result of more intensive and lengthy chemo- 
therapy for advanced bacterial infective endo- 
carditis.” This is a personal view based on personal 
experience, and I believe this view may be shared by 
others.! 

I pointed out that “patients who are immu- 
nologically compromised, such as those taking 
immunosuppressive drugs are especially vulnerable 
to infection of any sort.” I do not think that any 
experienced clinician or microbiologist would seri- 
ously challenge this statement. I did not quote any 
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evidence that such patients were especially vulner- 
able to infective endocarditis, though it seems rea- 
sonable to suppose that they might be.? Immu- 
nosuppressed patients are listed among those 
specially vulnerable to infective endocarditis in the 
latest report of the Royal College of Physicians of 
London Research Unit.* 

(b) I agree that it is assumed that many potential 
cases of infective endocarditis are prevented by 
appropriate prophylaxis, and I pointed out that 
“Although prophylaxis remains a somewhat 
imprecise exercise, it should at least be meticulously 
applied to patients who are especially at risk.” 

(c) The dose of 2g of amoxycillin by mouth one 
hour before dental work for outpatients was an error 
for which I make due apology. The correct dose as 
recommended by the working party of the British 
Society for Antimicrobial Chemotherapy* is indeed 
a single dose of 3g. It is of interest though, that 
Shanson et al in 19785 showed that a single dose of 
2g amoxycillin given one hour before tooth extrac- 
tion reduced the incidence of bacteraemia detected 
from 14 of 14 controls to two out of 14 given 
amoxycillin, and a single 2g dose was advised by 
Oakley in 1979.6 Two years later, Shanson etal 
reported that 3 g of amoxycillin effectively prevented 
bacteraemia after dental extraction.” 

(d) I entirely agree that penicillin alone is not 
appropriate for treatment of streptococcal or staphy- 
lococcal endocarditis, as I wrote under the heading 
of Treatment: “Since over 80°, of infections are due 
to staphylococci or streptococci, initial treatment 
should be with a combination of drugs, such as gen- 
tamicin and penicillin.” I did not suggest that ampi- 
cillin alone should be given for faecal streptococcal 
infections. 

(e) I am grateful to Dr Eykyn for emphasising 
that potassium penicillin is not available for par- 
enteral use. 

(f) The gentamicin blood levels that I advocated, 
based on personal experience and published recom- 
mendations,® are indeed somewhat different from 
those quoted by Dr Eykyn—that is peak blood con- 
centrations of 3-5 mg/l and trough concentrations of 
<1mg/I. I said that peak concentrations should not 
exceed 14 mg/l or fall below 5 mg/l and trough con- 
centrations should not exceed 2 mg/l. The Guide to 
Antimicrobial Therapy published by the Use of 
Drugs Subcommittee of the Ealing, Hounslow and 
North Hammersmith District in 1981 states that the 
gentamicin nomogram of Mawer etal?’ is designed 
to give serum concentrations of gentamicin within 
the range 3~10mg/l two hours after each intra- 
muscular dose. 

(g) I do not agree that early prosthetic staphy- 
lococcal endocarditis is ‘‘nearly always” the result of 
sternal wound infection. Certainly the sternal 
wound may be the source of the infection, but entry 
of staphylococci from the patient’s skin when the 
drains are removed is important. 
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(h) I wrote that “reasons for the failure (to reduce 
mortality) are multiple and include organisms 
resistant to antibiotics”... I agree that this is not the 
most frequent reason for failure and I mentioned 
other causes including more direct exposure of the 
heart to infection by open operation, insertion of 
foreign bodies into the heart, and older and sicker 
patients who develop the disease. I agree entirely 
that the high mortality of infective endocarditis is 
due mainly to delay in diagnosis, and late referral to 
cardiologists and cardiac surgeons as I stated clearly 
in the editorial. The use of incorrect doses of anti- 
biotics is a less common though not an unimportant 
reason. 

(i) Of course the most important investigation is 
blood culture. But a high erythrocyte sedimentation 
rate though it is not specific can be a very useful 
warning to investigate further in a suggestive clinical 
situation. The test is simpler and gives an earlier 
result than blood culture. I agree that streptococci of 
the viridans group in the blood nearly always indi- 
cate endocarditis, but the diagnosis rarely comes “as 
a surprise” to experienced cardiologists and clin- 
icians. 

I make no apology for quoting personal views and 
experience, because I feel that it is the function of an 
editorial to express these and provoke lively dis- 
cussion. 


J F Goodwin, 

Emeritus Professor of Clinical Cardiology, 
Royal Postgraduate Medical School, 
London W120HS. 
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Myocarditis confirmed by biopsy presenting as acute 


myocardial infarction 


Sir, 

We were very interested to read the report by 
Costanzo-Nordin eral in the January 1985 issue of 
the British Heart Journal of two cases of myocarditis 
confirmed by biopsy which presented as acute myo- 
cardial infarction.’ 

In April 1984 we reported on two similar cases in 
Archives des Maladies du Coeur.? These occurred in 
a 31 year old woman and a 37 year old man who were 
referred to our intensive care unit with the diagnosis 
of acute anterior myocardial infarction. In both 
cases acute cardiogenic shock with diastolic equal- 
isation of pressure lead us to the incorrect diagnosis 
of heart rupture. But in both cases cardiac cath- 
eterisation showed normal coronary arteries, and the 
acute myocarditis that we diagnosed healed without 
any sequelae (normal electrocardiogram, echo- 
cardiography, and angiography). In the male patient 
the diagnosis was based on serological investigation 
which showed a high and increasing titre of Chlamy- 
dia trachomatis. We recognise that cardiac biopsy 
cannot be performed during the subacute stage of 
the disease, but we agree with Costanzo-Nordin et al 
that biopsy may be useful in identifying myocarditis 


that is associated with or simulates acute myocardial 
infarction. 


Ph Beaufils, 

R Slama, 

Clinique Cardiologique, 
Hôpital Lariboisiere, 

2 rue Ambroise-Paré, 
Paris Cedex 10, 

France. 
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Notices 


British Cardiac Society 


The Annual General Meeting for 1986 will take 
place in York on 2 and 3 April 1986, and the closing 
date for receipt of abstracts was 2 January 1986. 

The Autumn Meeting will be held at the 
Wembley Conference Centre, London, on 25 to 27 
November 1986, and the closing date for receipt of 
abstracts will be 1 August 1986. 


Peter Debye prize 


The University of Limburg will award the 1987 
Peter Debye prize in cardiovascular diseases. The 
prize of 20000 guilders has been provided by the 
Edmond Hustinx Foundation. Further information 
from: Dr E H S Drenthe, Secretary of the Jury, 
University of Limburg, Office of the Rector, PO 
Box 616, 6200 MD Maastricht, The Netherlands. 
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Radiation hazards for cardiologists 


MJ RAPHAEL,* NE TOMLINSON?t 


From the *National Heart Hospital and {Department of Clinical Physics, Guy’s Hospital, London 


At its March 1985 meeting in Paris! the Inter- 
national Commission on Radiation Protection 
(ICRP) heavily reinforced the recommendation that 
the maximum permissible dose of radiation to the 
lens of the eye should be 150 mSv per year of work- 
ing life.? Is this of relevance to interventional cardi- 
ologists and what should they do about it? 

In correctly set up apparatus and when the oper- 
ator is wearing the standard effective (that is 
undamaged) protective lead apron the chief hazard 
to interventional cardiologists and radiologists is 
radiation damage to the lens of the eye leading to 
cataracts.” Are critical eye dose levels likely to be 
reached in interventional cardiologists? The answer 
is not clear, particularly with modern multi- 
angulated x ray apparatus and with modern tech- 
niques such as coronary angioplasty and pacing. 

In 1978 Balter et al studied the radiation dose to 
operators during coronary arteriography using mod- 
ern multiangulated apparatus and performed from 
the arm.? The eyes were considered to be the organs 
most at risk receiving 0:06 mSv without the use of 
additional shielding and 0-019 mSv with the special 
shields during angiographic examination. This 
group concluded.that an operator could perform 29 
examinations per week (mean fluoroscopy 12-7 min 
and mean cine radiography 110 s) without reaching 
the ICRP threshold for non-designated workers 
(that is those who are unlikely to exceed 30% of the 
maximum permissible dose). 

Since 1978 pacemaker implants and coronary 
angioplasty, with their long screening times, have 
become more widespread and a recent paper,* com- 
bined with the ICRP reassertion of the maximum 
permissible dose to the eye, has revived the issue of 
what is a safe workload for the interventional cardi- 
ologist. 

Jeans et al measured isodose curves produced 
from a modern multiangulated set and a water phan- 
tom, and used the curves to calculate dose rates for 
staff present in the x ray room during various cardiac 
interventional procedures.* This phantom neglects 
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the effect on scattered radiation production and dis- 
tribution of the large air volume in the lungs. The 
paper also makes use of a “weighted surface dose” 
which is not an ICRP concept. Jeans et al concluded 
that interventional cardiologists doing 200 cardiac 
catheterisations, one or two angioplasties, and 30 
pacemaker implants in a year would remain within 
safe exposure limits. The addition of five further 
angioplasties, electrophysiological studies, or the 
use of more complex catheter ablation techniques on 
arrhythmia patients would increase the average dose 
that interventional cardiologists would receive to 
three tenths of the maximum permissible eye dose. 
When they measured actual dose levels, however, 
they found that these were only about one third of 
those calculated from the phantom study. 

These measured values accord fairly well with 
those published by Dash and Leaman in 1984 which 


'* were made on a rotating cradle rather than on a ded- 


icated multiangle tube support system.5 These 
workers found eye lens doses of 0-175 mSv per 
angioplasty procedure and rather lower 0-075 mSv 
per angiogram. This suggests that a single operator 
could perform over 650 coronary angiographic 
examinations or 285 angioplasty procedures per year 
before reaching the 50 mSv limit of eye dose. Dash 
and Leaman found that lead glasses reduce the eye 
dose by a factor of 35%. Similar conclusions were 
obtained from the measurements by Balter et al.’ 
Under the new regulations® any worker who is 


_ likely to exceed 30% of the maximum permissible 


dose is classified as a designated worker. Such work- 
ers must be rigorously monitored. If there is any 
possibility of their exceeding the maximum permis- 
sible dose they should be stopped; and they may be 
restrained by law. 

Should all those who perform coronary angio- 
plasty ag well as other catheterisation procedures 
automatically become designated workers? Probably 
not, but in view of the three fold difference between 
the conclusions of Balter et al? and those of Jeans et 
al* doses of radiation to the eyes should be measured 
in more at risk workers. The local radiation protec- 
tion advisor should measure doses in all staff who are 
likely to be affected, since local variations in 
approach and practice may be major determinants of 
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safety. 

The ICRP also drew attention to reported exam- 
ples of practices causing concern. These included 
the performance of complex radiological procedures 
by physicians or surgeons without training in radiol- 
ogy and radiation protection. Some operators may 
feel that the needs of the patient outweigh a future 
risk of radiation injury to themselves, and on occa- 
sion individuals have removed monitoring devices to 
avoid the identification of high dose levels.! Such 
actions will be illegal in a designated worker. 

Until the magnitude of the problem is known car- 
diologists should use the following simple measures 
to minimise radiation dosage to themselves. 

Those performing catheterisations should be 
instructed in radiation safety practice before or early 
in their training. Simple guidelines and an under- 
standing of the main source of irradiation to the 
operator should help to improve practice. 

There are two sources of radiation to the 
operator—the main beam and radiation scatter from 
the main beam as it traverses the patient. The oper- 
ator must never get any part of his or her body in the 
main beam where dose is highest. The lead shutters 
on the x ray tube should be used to produce the 
smallest aperture necessary to perform the pro- 
cedure. This is because the dosage to the patient and 
the scatter to the staff increase with the increase of 
area of patient irradiated. A small aperture also 
improves the quality of the image, which is degraded 
by scatter. Proper maintenance of the apparatus and 
quality control will also reduce radiation to both 
staff and patients. 

Screening and cineradiography times should be 
kept as short as possible, and if possible the cine 
framing rate should be reduced (25 frames per sec- 
ond is usually adequate). The operator dose is 
markedly attenuated by distance, so it is worth while 
taking a step backwards away from the patient dur- 
ing cineradiography, because doses to the patient 
and operator during cineradiography are twenty 
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times higher than during fluoroscopy.* 

A projection which minimises scatter to the oper- 
ator should be chosen. Scatter is mostly back scatter 
and is increased when the x ray tube is placed 
between the patient and the operator,* rather than 
beyond the patient. Lead aprons (0-35 mm lead 
equivalent), which should always be worn, reduce 
the trunk dose by a factor of approximately 15. 

Operators who perform angioplasties may need to 
protect their eyes with a shield or spectacles made of 
lead glass. Even photochromic sunglasses have a 
considerable protective effect. 

In any group of cardiologists the workload should 
be shared so that individuals avoid the risk of exces- 
sive doses. The Manchester group* suggested that 
about 1000 cardiac catheterisations, eight angio- 
plasties, and 150 pacemaker implants was a sensible 
workload for five cardiologists who do not use 
special eye protection and who wish to avoid 
classification as designated radiation workers. 
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The aetiology and prognostic implications of 
reciprocal electrocardiographic changes in acute 
myocardial infarction 
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SUMMARY The relations between reciprocal ST segment depression in the electrocardiogram 
and infarct size and 10 year prognosis were studied in 315 patients who survived for at least 28 
days after a first anterior or inferior myocardial infarction. ST depression was more common in 
inferior infarcts (72%) than in anterior (37%) ones. It occurred more frequently in complicated 
infarcts and in the presence of considerable ST elevation. Patients experiencing second or third 
degree heart block were significantly more likely to show reciprocal changes. The rise in peak 
cardiac enzyme concentration was higher in patients showing ST depression. In patients with ST 
depression, peak creatine kinase concentration was 46% higher, aspartate aminotransferase was 
39%, higher, and lactate dehydrogenase 29% higher after correction for site and complications. A 
discriminant function analysis selected infarct site, peak aspartate aminotransferase, and mag- 
nitude of ST elevation as predictors of the occurrence of ST depression. Age, severity, and 
smoking status did not significantly improve discrimination. Despite larger increases in peak 
enzyme concentrations patients with ST depression had marginally fewer subsequent episodes of 
unstable angina or fatal or non-fatal infarction and a marginally lower 10 year death rate. Neither 
difference was statistically significant. ST depression occurring early in the acute phase of myo- 
cardial infarction is likely to be a reflection of electrophysiological changes taking place at the site 
of the infarct that is manifested in the contralateral surface of the heart. Other causes, however, 
such as transient ischaemia at the site of the reciprocal changes or extension of the infarct to 
contiguous areas cannot be excluded in all cases. 


In acute myocardial infarction the characteristic 


ischaemia remote from the site of infarction; (c) that 
elevation of the ST segment of the electro- 


ST depression is a result of the extension of the 


cardiogram is often accompanied by depression of 
the ST segment remote from the site of the 
infarction. f 
The aetiology of these reciprocal ST changes has 
been the subject of several conflicting reports. Three 
different explanations have been put forward to 
account for the phenomenon: (a) that reciprocal 
changes are an electrophysiological phenomenon in 
which the observed ST depression is the “rear 
view” of the classic ST elevation; (b) that ST 
depression is a product of myocardial necrosis or 
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infarct beyond its stated site. 

Most studies to date have been of small numbers 
of patients and have been confined to in hospital 
prognosis or short term outcome. In this study we 
report on the 10 year outcome of 315 patients. We 
address two questions: (a) Are reciprocal electro- 
cardiogram changes associated with a greater 
enzymatically estimated infarct size? (6) Do patients 
with such changes show a long term merbidity or 
mortality different from patients without them? 


Patients and methods 
The patients studied had all been entered into the St 


Vincent’s Hospital Heart Study. This is a long term 
follow up study of consecutive 28 day survivors of a 
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first attack of unstable angina or myocardial 
infarction. From 1961 to 1975 the study recruited 
only men under 60 years. When recruitment of a 
second cohort began in 1978 women were included. 
For this study we selected patients admitted 
between March 1970 and December 1975 and 
between February 1978 and December 1980, inclu- 
sive, with a first anterior or inferior infarction. 
Patients admitted before 1970 were excluded 
because their hospital charts, which had been trans- 
ferred to microfilm, frequently lacked complete elec- 
trocardiographic records. Patients admitted after 
1980 were excluded because of the limited follow up 
available. g 

Myocardial infarction was defined as cardiac pain 
at rest with fresh Q waves in the electrocardiogram 
or a greater than twofold rise in cardiac enzymes 
(creatine kinase, lactic dehydrogenase, and aspartate 
aminotransferase) or both. Only patients with ante- 
rior or inferior infarctions were included. Antero- 
lateral infarctions, infarctions at other sites, and 
infarctions at multiple sites were éxcluded because 
there were too few of them for analysis. 

Age, sex, and smoking status were recorded. Reg- 
ular smokers who bad given up for three months or 
more were rated as ex-smokers. Electrocardiograms 
recorded during the patient’s admission were exam- 
ined. The magnitude of both ST elevation and 
depression was recorded for each lead of the electro- 
cardiogram. A shift of 1:0 mm or.more in two or 
more leads was taken as evidence of ST depression 
or elevation. The leads in which the largest depres- 
sion and elevation occurred were noted, and the 
maximum size of both elevation and, where appli- 
cable, depression was recorded in mV. 

Serial estimations of cardiac enzymes were exam- 
ined and peak concentrations of creatine kinase, lac- 
tic dehydrogenase, and aspartate aminotransferase 
were recorded. Creatine kinase estimations were not 
available for patients recruited before 1978. Of the 
20 complications included in our coronary care pro- 
tocol, four occurred in 15 (4-8%) or more patients. 
These were: left ventricular failure, ventricular 
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fibrillation, second or third degree heart block, and 
pericarditis. The analysis was confined to these com- 
plications. 

Patients were seen at follow up clinic on three 
occasions in the first year after discharge and annu- 
ally thereafter. The date of the first non-fatal rein- 
farction or episode of unstable angina was recorded. 
Unstable angina was defined as cardiac pain at rest 
and serial ST-T changes with no rise or a less than 
twofold rise in cardiac enzyme concentrations. Date 
and mode of death were recorded for fatal cases and 
dates on which survivors were last seen were noted. 


Results 


The study group comprised 315 patients of whom 
25 were women. A hundred and sixty men were 
admitted between March 1970 and December 1975 
inclusive, and 155 patients (of both sexes) were 
admitted between February 1978 and December 
1980 inclusive. The admissions were consecutive 
apart from 20 patients whose electrocardiographic 
records were incomplete. Twenty two patients with 
infarctions at sites other than anterior or inferior 
ones or at multiple sites were admitted during the 
study period but these patients were excluded from 
the analysis. There were 221 (70-2%) current ciga- 
rette smokers in the group; 29 (9:2%) had never 
smoked. 

Table 1 shows the relation between ST depression 
and site of infarction. Reciprocal changes occurred 
in 71:9% of inferior infarcts and 37-2% of anterior 
infarctions (p <0-0001). Complications occurred in 
44:6% of anterior and 53-9% of inferior infarctions. 
This difference is not statistically significant. ST 
depression occurred in 63-5% of complicated and 
47:8% of uncomplicated infarctions (p =0-007). 

Table 2 shows the relation between reciprocal 
changes and in hospital complications. Patients 
experiencing second or third degree heart block 
were significantly more likely to have ST depres- 
sion. Fourteen of 15 patients experiencing second 
degree block had inferior infarcts and 13 of them 


Table 1 Relation of reciprocal ST depression to site and severity of mfarction 


Total 
All cases 315 
Site: 
Anterior 148 (47 0%) 
Inferior 167 (53 0%) 
Severity: 
Complicated 156 enact 
Uncomplicated 159 (505% 


*Significance levels based an 7? test 


ST depression 

Present Absent p* 

175 (55-6%) 140 (44 4%) 

BAR zeg <vo 
76 (41 8%) 83 (522% aoo 
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Table 2 Relation of reciprocal ST depression to complications 
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Total 

All cases 315 (100%) 
Left ventricular faiture 63 (20:0%) 
Ventricular fibrillation 28 aaa 
Second degree heart block 15 (48% 
Third degree heart 14 (44%) 
Pericarditis 36 114%) 
Ventricular extrasystoles 33 (10-5% 





ST depression 

Present Absent £ 

175 (100%) 140 (100%) 
41 (234%) 22 (15 7%) NS 
18 Eha) 10 (7-1%) NS 
14 (8 rte 10 aa 0 006 
12 (69% 2(14% 0 041 
21 (12 0%) 15 io 7%) NS 
16 (9 1%) 17 d21%) NS 





Table 3 Relation of reciprocal changes to mean peak 
cardiac enzyme mcrease 





CK (IUJ) AST (IUJ) LDH (IU/l) 
Number of cases 130 291 292 
Mean‘* 
ST depression 1393 231 1244 
No ST depression 956 166 966 
Significance of F p= 0 002 p<0-001 p<0001 





*Means are adjusted for site and severity. 

Significance levels based on ANOVA with ST depression, site 
(anterior or a myocardial infarction), and severity as three 
orthogonal facto 

CK, creatine kinare; AST, aspartate amimotransferase; LDH, lactic 
dehydrogenase. 


Table4 Factors discriminating between patients with 
reciprocal changes and patients without* 





Factor Percentage of Standardised 
Necrined 
explained coefficient 
Presence of IMI 11-9% 0 8081 
Maxımum AST rise 76% 04814 
Maxumum ST elevation 34% 0 4596 
Total % explained 22 9% 





*Based on discriminant function analysis. 

Factors not selected: age, severity, smoking status. 

IMI, inferior myocardial infarction; AST, aspartate amino- 
transferase. 


Table5 Rectprocal ST depression and 10 year prognosis 


showed ST depression. Ten of 14 patients with 
third degree block had inferior infarcts and all but 
one showed ST depression. 

Table 3 shows the relation between reciprocal 
changes and infarct size as estimated by peak 
enzyme rise. We used an analysis of variance with 
three orthogonal factors: presence of reciprocal 
changes, topography, and severity. Mean enzyme 
rise was significantly higher in patients showing 
reciprocal changes. When corrected for topography 
and presence of complications peak creatine kinase 
was 45-7% higher (p=0-002), aspartate amino- 
transferase was 39:2% higher (p < 0-001), and lactate 
dehydrogenase 27:8% higher (p <0-001) in patients 
with ST depression than in those without. Compli- 
cated infarctions showed a significantly higher peak 
in all three enzyme concentrations independently of 
topography and presence of reciprocal changes. Site 
of infarction was not related to peak enzyme values 
independently of ST depression or severity. 

We performed a discriminant function analysis to 
assess the relative value of size and site of infarction, 
age, presence of complications, and smoking status 
in predicting the occurrence of reciprocal changes. 
This is a statistical technique which selects the vari- 
ables which discriminate best between two or more 
groups. We used a stepwise method in which vari- 
ables are selected one at a time and selection is 





ST depression 
Present 
Mortality (all censes) 
5 year 18-8% (3-2%) 
10 year (SE 32-3% (47%) 
io of observed to expected deaths 842% 
CHD ity: 
5 year (SE) 15 3% ret 
10 year (SE) 26:2% (43% 
o of observed to expected CHD deaths: 93-56% 


5 year SB 20 0% (3 aR 
10 year (SE) 35:7% (4 99 
Ratio of observed to expected events: 87:6% 


P 
Absent 
22:7% (3 Te) 
46:3% (56%) 
119:0% 0 098 
161% (3 2%) 
31:8% (67% 
107-9% 0 558 
242% oes 
461% (70% 
116:5% 0 162 


Significance levels based on logrank test. Rates and significances corrected for site and severity of mfarction. CHD, coronary heart disease, 
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stopped when no other variable significantly 
increases the correlation between presence of recip- 
rocal changes and the group of predictor variables. 
Three variables were selected (Table 4): site of 
infarction, which accounted for 11-99% of variance; 
peak aspartate aminotransferase, which added 
another 7-6% to the percentage of variance ex- 
plained; and maximum size of ST depression, which 
added another 3-4% . Severity, age, and smoking sta~ 
tus did not significantly increase the correlation fur- 
ther. 

Table 5 shows the relation between reciprocal 
changes and 10 year outcome. When corrected for 
topography and severity there was a 35-7% rate of 
fresh acute coronary events in the group showing 
ST depression and a 46:1% rate in those without 
(p=0-162). Patients with reciprocal changes had a 
32:3% 10 year death rate (Table 5), compared with 
46:3% in patients without (p =0-098). There was no 
difference between the groups in 10 year mortality 
rate for coronary heart disease. 


Discussion 


The current interest in reciprocal ST depression in 
patients with myocardial infarction has yielded 
several findings which are difficult to reconcile and 
which have led to widely differing conclusions. 
Some workers, using various invasive and non- 
invasive investigations, have concluded that recip- 
rocal changes are not a measure of contiguous or 
remote ischaemia but reflect an electrical artefact 
associated with a current of injury at the infarct 
site.! 77 Others believe that the reciprocal changes 
are associated with an extension of the infarct to con- 
tiguous areas,®~!? whereas others conclude that the 
changes are evidence of ischaemia in the reciprocal 
area of the myocardium remote from the infarct 
site.? 1113-16 

There is some disagreement about the impli- 
cations of reciprocal changes in relation to immedi- 
ate and later morbidity and mortality. Nearly all 
workers who address the subject report a higher fre- 
quency of immediate complications in patients when 
such changes are present.°~ /? 

Contrary to what might be expected in view of 
their greater infarct size, our patients with ST 
depression did not have a worse 10 year prognosis 
than those without ST depression. Among the few 
reports on long term outcome, Wasserman et al,’ 
like ourselves, did not find an adverse effect while 
Hlatky et al did find a significantly higher long term 
mortality.° The higher mortality noted by Hlatky et 
al in patients with reciprocal ST changes might 
more reasonably have been expected. 

The apparently contradictory findings of various 
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researchers have so far failed to elucidate the nature 
and implications of reciprocal ST depression. The 
results which we have presented clarify some of 
these problems while raising issues for future 
research. In common with other studies we found 
that patients with greater ST elevation were more 
likely to exhibit reciprocal depression. We can also 
confirm the observation of Goldberg et al that 
patients with ST depression have significantly 
higher peak cardiac enzyme concentrations. No 
other study, to our knowledge, has attempted to 
characterise the interrelation of several factors in 
predicting the occurrence of ST depression. In the 
patients we studied reciprocal changes were more 
common in inferior infarction and became more 
likely with both increasing infarct size and 
increasing magnitude of ST elevation. 

It is important to distinguish between the tran- 
sient reciprocal changes which occur early in the 
course of the infarction and resolve within 48 hours 
and persistent ST depression.” This necessity is 
highlighted by the study of Gelman and Saltups who 
divided patients who displayed reciprocal changes 
into those whose ST depression resolved within 48 
hours and those in whom the changes persisted.” 
The latter group showed a higher incidence of com- 
plications whereas the former showed a course simi- 
lar to patients without reciprocal changes. Because 
we examined electrocardiogram records retro- 
spectively we could not accurately assess the 
duration of reciprocal changes. As a result we have 
not been able to observe this distinction, and this 
limitation must be borne in mind. 

The clear relation found between reciprocal 
changes and both infarct size and magnitude of ST 
elevation provides support for the view that recip- 
rocal depression is an electrophysiological phenom- 
enon reflecting changes at the infarct site, since it is 
most frequently observed in infarctions in which ST 
elevation is most pronounced. The frequency with 
which it occurs, particularly in inferior infarctions, 
argues against necrosis or ischaemia remote from the 
site of the main infarction, as does the absence of 
fresh Qwaves in the reciprocal area. The reper- 
fusional experiments of Little er al also support this 
hypothesis. Other possible mechanisms include 
transient metabolic or hydraulic effects, or loss of 
compliance in the reciprocal area simulating an early 
subendocardial infarction. 

The greater frequency of reciprocal changes in 
inferior infarction has not yet been adequately ` 
explained although it may simply be a reflection of 
the greater number of anterior leads available in the 
standard electrocardiogram. 

Extension of the infarction to contiguous areas 
such as the posterolateral arid inferolateral areas of 
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the. left ventricle or to the right ventricle in inferior 
infarction is a reflection of the size of infarct. Several 
studies support the view that such extension into 
contiguous areas is more frequent in the presence of 
reciprocal changes.® !3~ +5 

Because of the current diversity of findings and 
views on the subject further research is clearly nec- 
essary. Future studies should be prospective and 
should distinguish between transient and persistent 
ST depression. Both anterior and inferior infarcts 
should be included, using appropriate radionuclide 
and angiographic studies of myocardial infarction 
and perfusion. Finally, further long term follow up 
studies are needed to clarify the conflicting reports 
on the relation between reciprocal changes and sub- 
sequent morbidity and mortality. 

The present study is a retrospective one 
specifically designed to examine long term mor- 
bidity and mortality. Because it is confined to 28 day 
survivors, it does not address issues concerning the 
relation of reciprocal changes to other factors and to 
outcome in the immediate post-infarction period. A 
substantial number of recent reports have studied 
this latter area, and they support our findings that 
reciprocal changes are positively related to size of 
infarct and to the frequency of complications during 
the acute phase. For this reason the immediate mor- 
tality of the patients with reciprocal changes in our 
study population may have been higher than that in 
those without ST depression. From the results 
presented, however, we can find no effect of recip- 
rocal changes on prognosis, provided that the 
patient survives the initial 28 days after the 
infarction. 


We thank Dr Ian Graham of the Meath and Ade- 
laide Hospitals for his helpful suggestions, and the 
Computer Centre of University College Dublin for 
computing and word processing facilities. 
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U waves in ventricular hypertrophy: possible 
demonstration of mechano-electrical feedback 
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From the Cardiac Department, Brompton Hospital, London 


SUMMARY ‘The relation between ventricular function and electrocardiographic evidence of 
hypertrophy (by voltage criteria, “‘strain’’, and U wave inversion) was examined by means of M 
mode echocardiography and apex cardiography in 73 patients with diseases associated with left 
ventricular hypertrophy and 10 normal volunteers. In patients with disease, left ventricular cavity 
dimension and fractional shortening were unrelated to electrocardiographic findings, but left 
ventricular posterior wall thickness was greater in those with strain or U wave inversion. Without 
U wave inversion, hypertrophy and strain were weakly related to diastolic abnormalities, but the 
addition of U wave inversion was strongly associated with a reduced rate of early diastolic 
posterior wall thinning, prolonged isovolumic relaxation time, delayed mitral valve opening after 
minimum cavity dimension, and a pronounced increase in transverse dimension during the 
isovolumic period suggesting incoordinate relaxation. 

It is concluded that, whereas a negative U wave frequently occurs in association with the pattern 
of left ventricular hypertrophy or strain, it alone is strongly related to abnormalities of isovolumic 
relaxation. The close relation between incoordinate relaxation and U wave inversion, events which 
occur virtually simultaneously during the isovolumic period, suggests a mechanical influence on 


U wave genesis. 


U wave abnormalities rarely occur alone.’ More 
prominent and better understood changes in the 
QRS complex and ST-T segment frequently over- 
shadow associated U wave alterations, which as a 
result are often neglected. This would not be of 
consequence unless an added U wave abnormality 
provided further diagnostic information. U wave 
inversion, the best recognised U wave abnormality, 
is believed almost always to signify heart disease; its 
commonest associations are hypertension, coronary 
artery disease, and aortic or mitral valve disease, all 
of which have well recognised and clinically 
important effects on ventricular diastole.” Excluding 
coronary artery disease, left ventricular hypertrophy 
characterises this group of patients in some of whom 
we have previously described the significance of a 
superimposed “strain” pattern.? Another reason for 
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examining the U wave in more detail is that it is the 
only part of the ventricular electrocardiographic 
complex that is recorded predominantly or exclu- 
sively in diastole, and thus may be expected to relate 
more closely to mechanical events in diastole.* The 
present study of such patients was aimed at 
investigating the relation between diastolic events on 
the one hand and the electrocardiographic changes of 
hypertrophy, strain, and U wave inversion on the 
other. Further, it was hoped that any correlation 
might contribute towards refining current percep- 
tions about the genesis of the U wave which remain 
unclear. 


Patients and methods 


STUDY GROUPS 

Eighty three subjects were divided into four groups 
according to electrocardiographic diagnoses 
(Table 1). These were 10 normal volunteers with 
normal electrocardiograms and 73 patients with 
heart disease of whom 15 had left ventricular hyper- 
trophy on voltage criteria alone, 20 had left ventricu- 
lar hypertrophy with strain, and 38 had U wave 
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Table 1 Electrocardiographic diagnoses 





Group Number of 
patrents 

Normal (N) 10 

Left ventricular hypertroph: 15 





inversion with left ventricular hypertrophy or strain. 
All had sinus rhythm with normal intraventricular 
conduction. 

As U wave interpretation is difficult and unreliable 
at heart rates below 50 beats/min or above 100 
beats/min," ê patients with such rates were excluded 
from the study. When the heart rate is 50-100 
beats/min normal U waves may be identified in 
several leads as a positive deflection smaller than and 
following the T wave. The U wave is normally nega- 
tive in aVR. The interval between the apices or 
nadirs of a T and U wave complex is, as a rule, 150 
ms or more, and this relation is used to distinguish 
U waves from bifid T waves.” Further, the onset of 
the U wave usually coincides with the second heart 
sound which also marks the completion of the T 
wave. 


CRITERIA 

The following criteria were adopted (see Fig. 1): (1) 
left ventricular hypertrophy was diagnosed when at 
least one of the following criteria, modified after 
Romhilt and Estes,® was met (a) SV1 + RV5/6 > 
35, (b) RV5/6 > 26, (c) R1 + S3 > 25, (d) RaVL > 
11, (¢) SaVR > 14 (units are mm); (2) a strain pattern 
was identified as ST segment depression (> 1-0 mm) 
and T wave flattening or inversion in the lateral or 
inferior leads*; (3) U wave inversion was considered 
to be present if a discrete negative deflection was 
consistently seen within the T-P segment in leads in 
which the U wave is normally positive. Negativity 
was judged with reference to the ensuing PR seg- 


i 





hii 
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Fig. 1 
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ment.! ° Since the normal U wave is negative in lead 
aVR, an upright U wave there denotes U wave 
inversion. 


CLINICAL DIAGNOSES 

Table 2 shows the study population categorised by 
clinical diagnoses. Patients with hypertrophic car- 
diomyopathy were included on the grounds that in 
such cases left ventricular hypertrophy is always 
present, subaortic stenosis often occurs, and U wave 
inversion is a known association.” 


ELECTROCARDIOGRAPHY 

Within seven days of echocardiography standard 12 
lead electrocardiograms were recorded by means of 
a Hewlett-Packard (model 1511B) single channel or 
a Cambridge (model 3058/2) Series C three channel 
recorder with patients in the supine position and 
during quiet respiration. In addition to mea- 
surements made to see whether the criteria for left 
ventricular hypertrophy were met, the following 
were determined: (a) QQ (or RR) interval and heart 
rate (b) QT interval taken from the initial QRS 
deflection to the end of the T wave (from this, the 
QTc was derived using the formula, QTc = 
QT./RR); and (c) QaU interval measured from the 
initial QRS deflection to the apex or nadir of the U 
wave. No measurements were made on extrasystoles 
and postextrasystoles. For each interval the average 
of two measurements was calculated. The electro- 
cardiogram was interpreted and measured before 
digitised information from echocardiography was 
analysed. Heart rates from the electrocardiogram 
were compared with those from the echocardiogram. 


ECHOCARDIOGRAPHY 

M mode echocardiograms were recorded with Cam- 
bridge Instruments equipment or an Advanced 
Technology Laboratories (ATL) Mark 300 machine 
with a 2-25 or 3-0 MHz transducer. The patients 
were studied in the left semilateral position, and 
simultaneous electrocardiograms and phono- 





U inversion 


Single leads (lateral precordial) from electrocardiograms showing normality, hypertrophy on voltage 


criteria, strain pattern, and strain pattern with U wave inversion. Arrowheads point to the first U wave in each 
example; no U waves are present in the example of stram alone. Rapid QRS deflections that do not register 
sufficiently boldly for reproduction purposes have been darkened. 
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cardiograms were recorded at a paper speed of 100 
mm/s. Simultaneous apex cardiograms were also 
recorded in 27 of the patients with heart disease. 
Records of the left ventricular cavity were taken at 
the level of the tips of the mitral leaflets showing cusp 
separation. Here both cusps were visible at the onset 
of diastolic separation and early diastole, but not 
during the remainder of diastolic filling. Aortic valve 
closure (A,) was taken as the onset of the first high 
frequency vibration of the second heart sound. A, 
was not recognised in many patients with aortic 
stenosis. The O point of the apex cardiogram was 
identified in the usual way as a sharp early diastolic 
nadir. Echocardiograms were digitised by means of 
a Summagraphics digitiser and a Prime 750 com- 
puter system. Two or, if available, three optimally 
recorded cardiac cycles were digitised so that mean 
values could be calculated. The following mea- 
surements were obtained: (1) maximum (Dd) and 
minimum (Ds) left ventricular dimension, and 
fractional shortening (%) calculated as 
100(Dd—Ds)/Dd; (2) thickness of left ventricular 
posterior wall (PWd) at the onset of the QRS; (3) 
peak value of normalised rate of dimension (D) 
increase, calculated as 1/D.dD/dt (NPRDI), during 
early diastole; (4) normalised peak rate of posterior 
wall thinning (NPRWT) during early diastole calcu- 
lated in the same way; (5) the following time intervals 
(a) cycle length, from which the echocardiographic 
heart rate was derived, (b) A, to mitral valve opening 
(A,-MVO) which is the period of isovolumic relax- 
ation, (c) left ventricular minimum dimension to 
mitral valve opening (MD-MVO), (d) O point to the 
time of peak rate of left ventricular dimension 
increase (O—-PRDJ), (e) interval from the onset of the 
QRS to the time of minimum dimension (QMD), () 
interval from the onset of the QRS to mitral valve 
opening (QMVO), (g) interval from the onset of the 
QRS to the O point (QO), (h) interval from onset of 
the QRS to the time of peak rate of dimension 
increase (QPRDI); and (6) the percentage of dimen- 
sion increase occurring during the interval from 


Table 2 Clinical diagnoses 


Diagnoses Number of 
patients 
H; cardiomyopathy 
Aortic valve stenosis 21 
Aortc valve stenosis, coarctation of aorta 2 
Supravalvar aortic stenosis 3 
Coarctation of sorta 4 
Systemic h; 10 
Aornc valve stenosis and regurgitation 3 
Aortic 5 
Mitral 3 
Idiopathic left ventricular hypertrophy 2 
formal volunteers 10 
Total 83 
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Table 3 Electrocardiographic findings and time 
intervals (ms) 


U S H N 

Number of subjects 38 20 15 10 
Vol SVI + 

RV5/6 (mm) 4214) 38(13) 41(49) 26 (6) 
QQ 844 (52) 868 (95) 911 (120) 920 (152) 
QT 429 (47) 425 (38) 423 (33) 427 (31) 
QTc 395 (72) 396 (50) 404(52) 425 (59 
QA 435 442 (54) 424 (34) 1 
OMD 432 (769 442 (62) 54) 463 G1) 
QMVO 534 (78) 516 (61) 486 (58 302 (A) 
OU 524 (52) 528(49) 518(50) 522 (34 
Qo* 533 (57) 541 (26 521 (34 NA 
QPRDI 479 (55) 530 531 NA 


*Data from 27 subjects with cardiograms, 

Groups U, S, H, and N as in Table 1 

NA, not available. Mean values are given with standard deviation in 

parentheses. QA.,, interval fram onset of QRS to aortic second 

sound; QMD, interval from onset of QRS to ume of minimum 

dimension; QMVO, interval from onset of QRS to mitral valve 
ing; QaU, interval from initial QRS deflection to apex or nadir 


from onset of QRS to ume of peak rate of dimension 


minimum dimension to mitral valve opening 


(%DI,MD-MVO). 


STATISTICAL METHODS 

Five electrocardiographic, five combined electro- 
cardiographic and echocardiographic, and nine 
echocardiographic variables (Tables 3 and 4) were 
selected for statistical analysis. Data are expressed as 
mean (1 SD). For each variable, detection of 
significant differences among the four defined study 
groups was performed by a one way analysis of vari- 
ance (ANOVA). Where appropriate, mean values of 
individual pairs were compared by Student’s t 
(unpaired) test. A p value of < 0-05 was regarded as 
significant. 

Results 


To avoid lengthy repetition, the study groups are 
identified by the initials U (U wave inversion), S 
(strain), H (hypertrophy), and N (normals) as 
described in Table 1. 


ELECTROCARDIOGRAPHY 

Of 73 subjects with heart disease, 38 (group U) had 
U wave inversion, with strain present in all but three 
patients (Table 3). In the 35 subjects without an 
inverted U wave, the strain pattern was present in 20 
(group S), while 15 (group H) had only hypertrophy 
on voltage criteria. All 10 normal volunteers (group 
N) had no electrocardiographic abnormality. Volt- 
age (SV1 + RV5/6, in mm) was not significantly 
different among groups U, S, and H, but was greater 
than normal in group U (p < 0-001), group S (p < 
0-01), and group H (p < 0-001). The QQ interval in 
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Table 4 Echocardiographic findings 
Finding U Ss H N 


LV diastolic 

dimension (mm) 45 (12) 48 (8) 50 (12) 48 (3) 
LV posterior wall 

thickness (mm) 14 (4) 14 (3) 12 (4) 10 (1) 
LV fractional 

(%) 31(10) 30(8) 35 (8) 36 (4) 

NPRDI (cm/s 23(10) 24(08) 29(11) 3-1 (08) 
NPRWT (cm/s) 28(11) 3605) 3907) 5417) 
A,-MVO (ms)* 95 (33) 76 (26) 69 (31) 62 (14) 
MD-MVO (ms) 101 (31) 74 (31) 63 (41) 39 (22) 
%DI,MD-MVO 28(13) 19 (12) 14 (7) TO) 
O-PRDI (ms}t ~54 (41) —11 (48) 10 (40) NA 


*Does not include data from 14 subjects without a detectable A,. 
Data from 27 subjects with apex cardiograms. 

NA, not available. Mean values are given with standard deviation m 
parentheses. LV, left ventricular; NPRDI, normalised peak rate of 
dimension increase; NPRWT, normalised peak rate of posterior 
wall thinning; A,-MVO, A, to mutral valve opening; MD-MVO, 
left ventricular ‘minimum ‘dimension to mitral valve 
O-PRDI,O point to time of peak rate of left ventricular dimension 
increase. 

groups U and S was shorter than normal (p < 0-05). 
No differences between the groups were present for 
the QT, QTc and QaU intervals. The mean (SD) 
heart rates measured from the electrocardiogram (70 
(12) beats/min) and echocardiogram (68 (13) 
beats/min) were similar. 


ELECTROCARDIOGRAPHY AND 
ECHOCARDIOGRAPHY 

There were no significant differences among the four 
groups (Table 3) for any of the time intervals mea- 
sured from the onset of the QRS to the aortic second 
sound (QA,), to minimum dimension (QMD), to 
mitral opening (QMVO), and to the O point (QO). 
The interval from the QRS to the peak rate of 
dimension increase (QPRDD was shorter in group U 
compared with that in group H (p < 0-05), but not 
with that in group S (p = 0-051). The mean values 
for QA, and QMD were virtually identical in groups 
U, S, and H, but QA, was approximately 20 ms ear- 
lier than QMD in the normals. 


ECHOCARDIOGRAPHY 

Table 4 summarises the results for the nine echo- 
cardiographic measurements. There were no 
significant differences between groups in left ven- 
tricular cavity dimension and fractional shortening. 
Posterior wall thickness was greater than normal 
(p < 0-01) in group U and group S but not in group 
H (p = 0:074). 

Unlike the three basic echocardiographic indices 
just described, the last six (Table 4) reflect events in 
early diastole—the period during which the U wave 
is registered. It was only in these diastolic mea- 
surements that differences were observed between 
groups U and S. Group U is distinguished from 
group S solely by the presence of U wave inversion 
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in the former. Compared with left ventricular hyper- 
trophy with strain (group S), the presence of U wave 
inversion (group U) was associated with a reduced 
normalised peak rate of left ventricular posterior wall 
thinning (p < 0-05), a longer isovolumic relaxation 
period (p < 0-05), a longer interval from minimum 
left ventricular dimension to mitral valve opening 
(p < 0-01), and greater dimension increase during 
MD-MVO (p < 0-05). Directionally similar but 
larger differences were present for each of these mea- 
surements when group U was compared with group 
H (NPRWT, p<0-05; A,-MVO, p< 0-05; 
MD-MVO, p < 0-001; %DILMD-MVO, 
p < 0001) or group N (NPRWT, p< 0-001; 
A,-MVO, p<001; MD~MVO, p< _ 0-001; 
%DI,MD-MVO, p < 0-001). None of these vari- 
ables was significantly different in the group with 
hypertrophy alone (group H) and the group with an 
added strain pattern (group $). Compared with nor- 
mal individuals, however, both these groups had 
reduced peak rate of wall thinning (p < 0:01 for 
group S, p < 0-05 for group H) and greater per- 
centage of dimension increase during MD-~MVO 
(p < 0-01 for group S, p < 0-05 for group H), while 
MD-MVO itself was significantly prolonged only 
for group S (p < 0-01). The normalised peak rate of 
left ventricular dimension increase was not different 
among groups U, S, and H, but was decreased in 
group U (p < 0-05) and group S (p < 0-05) com- 
pared with normal. Peak rate of left ventricular 
dimension increase with respect to the O point 
occurred earlier, becoming more negative, in group 
U compared with group H (p < 0-01) but not with 
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Fig. 2 Graph comparmg the mean values of three 
diastolic variables in groups with hypertrophy (H), 
strain (S), or U wave mversion (U) anth normal (N). 
Vertical extensions represent one standard deviation. 
MVO, mitral valve opemng. 
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group S (p= 0-061) although the difference was 
almost significant. 

In addition to individual comparisons, Table 4 
shows that mean values for each of the six diastolic 
measurements progress in a stepwise manner from N 
to H to S to U. Fig. 2 illustrates this consistent trend 
for three of the measurements. 

Subset analysis was performed on the largest diag- 
nostically homogeneous group—21 patients with 
isolated aortic valve stenosis. Of these, 12 had U 
wave inversion, six had strain, and three had hyper- 
trophy on voltage criteria. Compared with strain 
alone, U wave inversion was associated with reduced 
peak rate of wall thinning (2-2 cm/s vs 3-2 cm/s, p < 
0-05) and greater dimension increase during the 
interval from left ventricular minimum dimension to 
mitral valve opening (MD-MVO) (32% vs 18%, 
p < 0-05); the difference for the MD-MVO interval 
(103 ms vs 78 ms, p = 0-060) approached statistical 
significance. The interval from A, to mitral valve 
opening was not compared because a discrete A, 
could not be identified in many of these patients. 
Too few apex cardiograms were available to allow 
meaningful comparisons of the interval from the O 
point to time of peak rate of left ventricular dimen- 
sion increase. The subgroup of three patients with 
hypertrophy alone was too small for analysis. 


Discussion 


Almost thirty years ago in his clinical study of hyper- 
tensive patients Kemp et al pointed out that U wave 
inversion commonly accompanied the pattern of left 
ventricular strain in the electrocardiogram.’° Com- 
pared with strain alone, additional U wave inversion 
was associated with a higher incidence of cardio- 
megaly, cardiac failure, uraemia, cerebrovascular 
accidents, encephalopathy, and deaths. In worsening 
disease, serial electrocardiograms may show stepwise 
evolution of hypertrophy, strain, U wave flattening 
and, finally, inversion. 1° It was proposed then 
that “an inverted U wave was a late finding in left 
ventricular strain patterns . . . associated with clinical 
findings of more advanced disease of the left 
ventricle.” 

The left ventricular stain pattern does not result 
from an increase in left ventricular mass since ath- 
letes with substantial cardiac hypertrophy do not 
manifest it. Further, while the strain pattern is only 
weakly, if at all, related to abnormalities of systolic 
function, it is closely correlated with diastolic abnor- 
malities.” Since ST and T deflections are generally 
completed before mechanical diastole begins, this 
correlation must be an indirect one, perhaps due to 
a direct factor nested within the strain group. 

The present study suggests that this additional 
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factor is closely related to U wave inversion. In the 
absence of a negative U wave, the strain pattern is 
only weakly related to diastolic abnormalities. By 
contrast, addition of U wave inversion was associ- 
ated with reduced diastolic wall thinning rate, a pro- 
longed isovolumic relaxation period, and delayed 
mitral valve opening relative to minimum dimen- 
sion. During this period between minimum dimen- 
sion and the start of left ventricular filling, significant 
dimension increase occurred when U wave inversion 
was present, amounting to almost a third of total 
dimension increase for diastole. Such an increase in 
transverse dimension during a period of constant 
volume indicates correspondingly large reductions 
in other axes, implying the presence of incoordinate 
relaxation. Since the U wave, whether upright or 
inverted, begins at about A, or minimum dimension, 
and reaches a peak or a trough at approximately 
mitral valve opening, its proximal limb has a consis- 
tently close temporal relation with the isovolumic 
relaxation period. Thus, not only is U wave 
inversion associated with incoordinate wall move- 
ment, but both are virtually simultaneous events 
during isovolumic relaxation, compatible with a 
direct relatian between the two. If causal, it is likely 
that mechanical events are primary since the U wave 
has no known excitation-contraction function. 
Contraction-excitation feedback, though less con- 
spicuous than excitation-contraction coupling, has 
been shown to occur.!! Lab suggested that mechan- 
ical inhomogeneities in the intact ventricle after 
repolarisatian is complete generate current flow or 
afterpotentials following the T wave, and thus form 
or influence the U wave. Differences in electrical 
potential between muscle regions with varying 
degrees of contraction-excitation feedback due to 
inhomogeneous wall movement may determine the 
U wave vector.'? Our finding that incoordinate 
relaxation is associated with reversal of U wave 
polarity thus provides strong support for this 
hypothesis. 

To date, the mechanism of even the normal U 
wave remains controversial.” Lepeschkin, in an early 
review,'? discussed three possibilities: first, that it 
results from a longer duration of the action potential 
in some part of the ventricles, variously thought to be 
Purkinje fibres,'* papillary muscles,'> or the basal 
wall of the ventricles'®; second, that it reflects after- 
potentials following the action potential; and third, 
that it is caused by potentials generated by stretching 
of the ventricular muscle during the phase of rapid 
filling during early diastole. He argued that the mor- 
phology of the U wave was not consistent with the 
first explanation, and pointed out that amphibians 
showed U waves despite lacking Purkinje fibres. 
Subsequent observations suggest that the second 


U waves in ventricular hypertrophy: possible demonstration of mechano-electrical feedback 


and third theories may in fact be components of a 
single explanation that attributes the U wave to a 
“stretch-afterpotential”’.” This concept is provided 
with a firmer basis by Lab’s experimental demon- 
stration of contraction-excitation potentials in the 
intact ventricle, and is extended by our observations 
of the link between disordered diastolic mechanics 
and U wave behaviour. 

The exact nature of the entity “stretch” has not 
been clearly defined. Presumably it must depend on 
the extent of lengthening, but may also be related to 
the tension in the muscle affected. It may thus be 
relevant that the peak rate of dimension increase 
tends to occur before the O point when the U wave 
is inverted, and progressively later with lesser elec- 
trocardiographic abnormalities. Since ventricular 
pressures are higher before rather than after the O 
point, which approximates to the nadir of ventricular 
diastolic pressure,!” increase of dimension occurs at 
higher pressures in those with negative U waves. 
This may be a further factor leading to the devel- 
opment of abnormal surface potentials after 
repolarisation in patients with left ventricular hyper- 
trophy and U wave inversion. 

The extent of the various diastolic abnormalities 
in our study population appears to follow consis- 
tently the electrocardiographic progression from 
normal to hypertrophy to strain and to U wave 
inversion. This parallels the clinical observations of 
Kemp et al’? and reinforces the concept that U wave 
inversion represents a more advanced stage of left 
ventricular disease. More important, a negative U 
wave may be an electrocardiographic sign of diastolic 
dysfunction. 

In patients with left ventricular hypertrophy, U 
wave inversion is fairly stable although regression is 
possible.!® Stable U wave inversion may also be seen 
in resting electrocardiograms of patients with coro- 
nary artery disease, particularly of the left anterior 
descending coronary artery.” Incoordinate relax- 
ation is also a feature of coronary artery disease. !°By 
contrast, transient U wave inversion may appear 
during infusion of pressors, exercise, and attacks of 
variant angina.’ ?°*! Therefore it appears that the 
common factor influencing U wave behaviour may 
be chronically present or acutely induced. Clearly it 
is not primarily dependent on changes such as 
fibrosis or ischaemia. Rather, the underlying mech- 
anism is more likely to be a dynamic one which, for 
the moment, appears to be best explained by the 
hypothesis that the U wave is closely related to, if not 
actually an expression of, the pattern of regional ven- 
tricular wall kinetics during isovolumic relaxation. If 
so, greater attention to techniques of U wave record- 
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ing and interpretation may provide easily obtained 
and clinically useful clues to important alterations in 
diastolic function. 
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Altered platelet «, adrenoreceptor in acute 
myocardial infarction and its relation to plasma 
catecholamine concentrations 


` KEIJI SAKAGUCHI, RYUICHI HATTORI, YOSHIKI YUI, YOSHIKI 
TAKATSU, TAKASHI SUSAWA, NATSUKO YUI, HIROSHI 
NONOGI, SHUNICHI TAMAKI, CHUICHI KAWAI 


From the Third Division, Department of Internal Medicine, Faculty of Medicine, Kyoto Univernty, Kyoto, 


Japan 


SUMMARY Changes in platelet «, adrenoreceptors and their relation to plasma catecholamine 
concentrations were studied in 11 patients with acute transmural myocardial infarction. A radio- 
labelled «, adrenoreceptor antagonist, [*H]-yohimbine, was used to assay &, adrenoreceptors on 
platelet membranes, and plasma catecholamine concentrations were measured by high per- 
formance liquid chromatography. The number of platelet «, adrenoreceptors, the dissociation 
constant, and plasma noradrenaline and adrenaline concentrations were studied 6-6 (3-3) (mean 
(SD)) hours after the onset of acute myocardial infarction and one month later. The mean (SD) 
number of adrenoreceptors increased significantly from 94-5 (50-5) fmol/mg protein immediately 
after infarction to 157-0 (65-7) fmol/mg protein one month later. The dissociation constant, 
however, did not change significantly (4-33 (1-40) nmol/l vs 4-37 (1:22) nmol/l). Raised nor- 
adrenaline (5-60 (4-37) nmol/l) and adrenaline (0-28 (0-14) nmol/l) concentrations had fallen 
significantly to normal values (1-21 (0-67) and 0-09 (0-05) nmol/l respectively) a month after 
infarction. The decrease in the number of a, adrenoreceptors soon after infarction may be 
beneficial because such a change will reduce the strength of various reactions to catecholamines, 


such as vasoconstriction. 


Human platelets have been used to investigate the 
possible role of a, adrenoreceptors in disease 
because they are easily obtained and their mem- 
branes contain œ, adrenoreceptors.’ In patients with 
angina pectoris the number of platelet a, adre- 
noreceptors was reported to be significantly lower 
when patients had symptoms than when they did 
not.? The number of a, adrenoreceptors did not cor- 
relate with plasma noradrenaline concentrations. 
Changes in the number of «, adrenoreceptors in 
acute myocardial infarction have not been studied. 
This is likely to be an important factor because a, 
adrenoreceptors may affect coronary artery tone. 
We used a radioligand binding technique to study 
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&, adrenoreceptors in patients with acute myocardial 
infarction and we investigated the possibility of a 
relation between changes in receptor number or 
affinity and plasma catecholamine concentrations. 


Patients and methods 


PATIENTS 

We studied 11 patients (seven men) with a first acute 
transmural myocardial infarction. The infarction 
was anterior in five patients and inferior in six. They 
were selected from a consecutive series of 18 patients 
with acute myocardial infarction admitted to this 
hospital between May and September 1984. Two 
patients with cardiogenic shock and three with heart 
failure were excluded, as were two patients who 
underwent coronary artery bypass operation. The 
diagnosis of acute transmural myocardial infarction 
was based on the acute onset of chest pain that lasted 
for more than 30 minutes and was unresponsive to 
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glyceryl trinitrate, and on ST segment elevation 
>2mV in the standard 12 lead electrocardiogram. 
The diagnosis was subsequently confirmed by the 
evolution of typical _electrocardiographic changes 
and an increase in creatine kinase MB isoenzyme. 

One patient (case 4) had had angina before 
infarction and had been treated mainly with sub- 
lingual glyceryl trinitrate. One patient (case 9) had 
been taking a thiazide for hypertension. No patient 
had been given Breceptor blocking agents. After 
admission all patients were given nitrates. Five 
patients (cases 3, 5, 7, 10, and 11) were treated with 
diltiazem. Catecholamines and £ receptor blocking 
agents were not given to any patients. No patient 
had chest pain or showed signs of heart failure while 
in hospital. None had enzymatic or electro- 
cardiographic evidence of a recurrence of acute 
myocardial infarction. 


BLOOD SAMPLING AND ISOLATION OF 
PLATELET MEMBRANES 
Blood was drawn from an antecubital vein immedi- 
ately after admission (6-6 (3-3) hours after the onset 
of chest pain). Three patients (cases 1, 5, and 9) were 
initially in Forrester haemodynamic subset II and 
eight were in subset I. Patients in group I were given 
frusemide which’ improved their haemodynamic 
condition. Blood samples were taken a month after 
the onset of infarction. All medication was dis- 
continued for at-least 24 hours before the second 
blood samples were collected. 

Platelet membranes were obtained by the method 
of Garcia-Sevilla et al.> Blood (30—40 ml) was col- 
lected in acid citrate dextrose (8:1, vol/vol). The 


sample was centrifuged at 160g for 10 minutes at - 


25°C, and the platelet rich plasma was titrated to pH 
6:5 with the acid citrate dextrose solution. Plasma 
was then recentrifuged at 5100g for 15 minutes at 
25°C to obtain a platelet pellet. The pellet was 
washed twice by 5ml of Tyrode’s buffer (sodium 
chloride 137 mmol/l, potassium chloride 2:7 mmol/l, 
monobasic sodium phosphate %36 mmol/l, mag- 
nesium chloride 0-01 mmol/l, sodium bicarbonate 
12-0 mmol/l, dextrose 0-56 mmol/l, pH 8-0) and 
recentrifuged for 15 min at 5100g. The pellet was 
lysed by homogenisation in 3 ml of ice cold hypo- 
tonic buffer (TRIS edetic acid 5 mmol/l, pH 7-5). 
The platelet membranes were obtained by centrifu- 
gation at 39 000g for 10 min and then resuspended 
in the TRIS incubation buffer (TRIS-hydrochloric 
acid 50 mmol/l, magnesium chloride 10 mmol/l, pH 
7-5) used in the radioligand binding assay. 


RADIOLIGAND BINDING ASSAY 
We used [°H]-yohimbine (New England Nuclear, 
Boston, Massachusetts), an œ, adrenoreceptor 
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antagonist to measure total radioligand binding in 
0-1ml volumes of fresh platelet membranes (0-15 
(0-1) mg protein). Samples were incubated in dupli- 
cate at 25°C for 20 minutes, Non-specific binding 
was’ measured by adding unlabelled yohimbine 
(10 pmol/l) to other duplicate samples. Specific 
binding was calculated as the difference between 
total and non-specific binding. Incubations were 
terminated by adding 5 ml of the TRIS-incubation 
buffer to the samples. The membrane bound triti- 
ated ligand was recovered by rapid filtration of the 
diluted sample under vacuum through Whatman 
GF/C glassfibre filters. The filters were washed 
twice with 10ml of TRIS-incubation buffer, air 
dried, and counted for radioactivity as described by 
Smith et al.* Protein concentrations were deter- 
mined by the method of Lowry er al.> We used Scat- 
chard analysis of the saturation isotherms to deter- 
mine the maximal number of binding sites 
(x intercept of a plot of specifically bound ligand vs 
bound/free ligand) and the dissociation constant 
(negative reciprocal of the slope of the regression 
line). 


PLASMA NORADRENALINE AND ADRENALINE 
Plasma concentrations of noradrenaline and adren- 
aline were determined by the method of Yui er ai.” 


ont 
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[3H]-yohimbme (nmol/l) 

Fig.1 Specific binding of (P H]-yohombine to platelet 
membranes from patients unth acute myocardial infarction, 
soon after the onset (solid line) and one month later (dashed 
line) as a function of tncreasing concentrations (0-5 to 
nmol/l) of the ligand. Inset: Scatchard plot showing the 
change in numbers of binding sites. B, specifically bound 
hgand; B:F, specifically bound ligand :free ligand. 


[PH] -yohimbine specifically bound (fmol/mg protein) 
O 
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Table Patent profile and summary of data 





Case Age/sex Medication *Angina Kd (nmol/l) Bmax Noradrenaline/adrenaline Clinical course 
——— ee (fmol/mg protean) (rmol/I) 
Soont 1 month a oo Forrester Treatment 
Soon 1 month Soon 1 month subset after admission r= 
Anterior OM Ne i 
1 62)/M None (~) 3:57 401 36-4 118-8 627/033 = 1-95/0-05 HI GTNO, 
LISDN, 
2 None (-) 4:00 446 118-0 2110 = ee I LISDN 
3 38/M None (=) 6-58 610 135-1 136-5 1:83/0-11 089/011 I LISDN, 
4 T/M Sublingual (+t 671 671 1129 250-0 456/033 231/005 I LISDN 
5 4/F None (~) 311 3-45 580 80-4 5-68/0:33 053/016 III LISDN, 
diltiazem, 
frusemide 
Inferlor myocardial infarction: 
6 49/M None (-) 5-18 4°98 88 3 137-2 5-44/0-16 0 71/0 05 I LISDN 
7 73{F None (~) 360 3 86 933 267 0 16 34/0 49 r 83/0 05 I LISDN, 
dilnazem 
8 69/F None es 5 38 427 552 115-6 — I LISON 
9 78{M  Thiazide _ 3-53 448 61-4 624 5-68/0 44 1-42/0-05 II>I LISDN, 
frasemide “ 
10 57/M None (=) 317 219-2 1812 2:49/0-11 059/016 I LISDN, _ 
diltiazem 
11 56/M None (=) 280 305 836 167-9 2:07/0-22 071/005 I LISDN, 
diltiazem 
Mean 625 433 437 96-5 157-0 5 60/0 28 121/009 
SD rB 1-40 1-22 50-5 65-7 4:37/0-14 067/0 05 


Bmax, maximal number of binding sites; Kd, dissociation constant; I and II, Forrester haemodynamic subset I and II; GTNO, glyceryl trimtrate 


ointment; LISDN, long acting isosorbide dinitrate. 
*Before admission. 


‘Before onset of myocardial 
a a T an o poari noon. 
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Fig.2 Alpha, adrenoreceptor number (Bmax; fmol|/mg 
protein) and dissociation constant (Kd; nmol/l) m patients 
with acute myocardial rnfarction soon after and one month 
after onset. 
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Normal values are 1-24-0-89 nmol/l and 0-16-0-05 
nmol/l respectively. 

STATISTICAL ANALYSIS 

Values are given as means and standard deviations. 
Statistical analysis was performed by Student’s t 
test. Significance was defined as p<0-05. 


Results 


BINDING DATA 

Figure 1 shows that the specific binding of 
PH]-yohombine to platelet membranes from 
patients was both saturable and of high affinity. The 
Table shows data for individual patients. The num- 
ber of the adrenoreceptors increased significantly 
from 96-5 (50-5) fmol/mg protein early (6-6 (3-3) 
hours) after infarction to 157-0 (65-7) fmol/mg pro- 
tein one month later (p<0-01) (Fig. 2). But there 
was no significant difference in the dissociation con- 
stant (4:33 (1-40) nmol/l vs 4:37 (1-22) nmol/l). 


PLASMA GONCENTRATIONS OF 
NORADRENALINE AND ADRENALINB 

Plasma concentrations of noradrenaline and adren- 
aline were measured in nine of 11 patients. They 
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were raised immediately after infarction, but they 
had fallen significantly one month later (noradren- 
aline from 5-60 (4-37) nmol/l to 1:21 (0-67) nmol/l, 
p<0-05; adrenaline from 0-28 (0-14) nmol/l to 0-09 
(0-05) nmol/l, p<0-05). Changes in receptor num- 
ber and concentrations of noradrenaline and epi- 
nephrine were not significantly correlated (nor- 
adrenaline r= 0-588, adrenaline r=0-10, both NS). 


Discussion 


Alpha adrenergic stimulation has been shown to 
modulate coronary artery tone in dogs and patients 
with ischaemic heart disease.2~!° Alpha, adre- 
noreceptors play an important role in the coronary 
vasoconstriction elicited by sympathetic nerve stim- 
ulation and in regulating the tone of both large and 
small coronary arteries.” Thus alterations in a, adre- 
noreceptors might affect the coronary artery tone. In 
patients with symptomatic angina Weiss et al found 
a decrease in platelet q, adrenoreceptor number that 
did not correlate with plasma catecholamine concen- 
trations.” These findings raise the possibility that a, 
adrenoreceptor abnormalities may be associated 
with the pathogenesis of angina. There is, however, 
little information on the changes in a, adre- 
noreceptors in myocardial infarction. We found that 
soon after infarction the number of platelet q, 
adrenoreceptors was significantly lower than it was 
one month later. There was no alteration in affinity. 
This decrease in receptor number soon after 
infarction was accompanied by an increase in the 
plasma catecholamine concentrations. 

In an experimental study plasma catecholamines 
increased rapidly within one minute of coronary 
occlusion.!+ This increase was considered to reflect 


enhanced release of noradrenaline from the post- ` 


ganglionic sympathetic nerve endings in the heart. !? 
Adrenaline secretion from the adrenal medulla was 
reflexly induced by stimulation of cardiac receptors 
at the site and the boundary of the infarct.!? The 
increase in plasma catecholamine concentrations was 
also demonstrated early in myocardial infarction in a 
previous clinical investigation.!? In the present 
study, catecholamine concentrations were sig- 
nificantly raised 6-6 (3 3) hours after infarction. The 
increase in our study, however, was less pronounced 
than that observed in previous investigations.‘? !° 
This might be due to our excluding patients with 
cardiogenic shock or severe heart failure, which are 
both conditions that enhance sympathoadrenal 
responses. +? 

Receptor down regulation is believed to occur 
when the cell is exposed for some time to higher 
concentrations of an agonist. The results of experi- 
mental studies of down regulation of platelet «, 
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adrenoreceptor are controversial.'* 15 Previous clin- 
ical studies found an inverse relation between 
plasma catecholamine concentrations, especially 
noradrenaline concentrations, and the number of «, 
adrenoreceptors in various conditions such as pheo- 
chromcytoma,'®!” congestive heart failure,!® and 
idiopathic orthostatic hypotension.'!® This suggests 
agonist induced down regulation as a possible 
underlying mechanism. Our results resemble these 
clinical investigations. The correlation between 
changes in the receptor number and catecholamine 
concentrations was not, however, statistically 
significant. Furthermore, the affinity of the receptor 
for catecholamines is much higher than the ranges of 
physiological concentrations.‘® Therefore, it 
appears unlikely that down regulation of platelet a, 
adrenoreceptor occurs in vivo. 

Some unknown mechanisms other than down reg- 
ulation may be involved in the modulation of the 
receptor number. Further investigations are neces- 
sary to clarify the mechanisms which regulate a, 
adrenoreceptor in vivo. In any event this decrease in 
the receptor number when catecholamine concen- 
trations are raised during the early phases of acute 
infarction may be beneficial because it may moderate 
catecholamine induced reaction such as vaso- 
constriction. 


We thank Mr Daniel Mrozek for reviewing our 
paper. This work was supported in part by grants 
for prostaglandin research for cardiovascular dis- 
eases from the Ministry of Health and Welfare; from 
the Ministry of Education, Science, and Culture, 
Tokyo, Japan; and the Suzuken Memonal Founda- 
tion and Mochida Memorial Foundation. 
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Factors determining symptoms in heart failure: 
comparison of fast and slow exercise tests 
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SUMMARY Factors determining the symptoms of breathlessness and fatigue in patients with con- 
gestive heart failure were investigated by comparing the response to slow and fast exercise. 
Symptom limited oxygen consumption (maximal); minute ventilation, mean pulmonary capillary 
wedge pressure; and arterial blood gases, pH, and lactate concentrations were measured during 
treadmill exercise using a slow protocol in 25 men (age 34-67 years) with congestive heart failure 
(New York Heart Association class II-III). Ten of these patients were also exercised according to 
a rapid protocol. Exercise was terminated by fatigue in 23/25 patients after the slow test and by 
breathlessness in all patients after the rapid test. Exercise capacity (maximal oxygen consumption 
and exercise duration) was not related to resting or exercise pulmonary capillary wedge pressure 
or the change in pulmonary capillary wedge pressure during exercise, nor was there any 
difference in pulmonary capillary wedge pressure at the end of exercise within individuals be- 
tween the fast and slow tests. Minute ventilation was greater (51 vs 43 1/min), peak exercise 
lactate concentration higher (3-7 vs 2-2 mmol/l), and the change in pH from the resting state was 
greater (0-06 vs 0-02) during the rapid test than during the slow test. The sensation of breath- 
lessness in congestive heart failure is not simply related to raised pulmonary capillary wedge 
pressure, but may in part be due to stimulation of peripheral chemoreceptors in response to 


metabolic acidosis. 


The cause of exercise intolerance in congestive heart 
failure is poorly understood. Patients treated with 
diuretics are limited more by fatigue than by breath- 
lessness. Several studies have suggested that fatigue 
is related to an inadequate oxygen supply to skeletal 
muscle,'~* because during exercise patients with 
heart failure have a reduced cardiac output, an early 
increase in lactate concentration, and augmented 
limb oxygen extraction.” Common experience sug- 
gests that untrained normal subjects performing 
rapid exercise (for example running) often stop be- 
cause of breathlessness, whereas when they exercise 
slowly (for example walking) they stop because of 
fatigue. In this study we have investigated whether 
the response to exercise in patients with congestive 
heart failure is similar, and if so whether differences 
in the metabolic, haemodynamic, and ventilatory re- 
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sponses to two forms of exercise can explain the 
variable sensations of breathlessness and fatigue. 


Patients and methods 


STUDY GROUP 

Patients were eligible for the study if they had stable 
symptomatic heart failure for more than three 
months with exercise intolerance due to fatigue or 
dyspnoea. In addition the patients we studied had 
radiological evidence of cardiomegaly and left ven- 
tricular ejection fraction <45% on radionuclide or 
echocardiographic investigation. Twenty five men 
(mean age 50 years (range 34—67)) entered the study. 
The cause of heart failure was coronary artery dis- 
ease in 15, dilated cardiomyopathy in eight, and hy- 
pertensive heart disease in two. Six patients were in 
class II and 19 in class III of the New York Heart 
Association classification. Patients were excluded if 
they had myocardial ischaemia or ventricular ar- 
rhythmias on exercise testing, obstructive valvar 
heart disease, pulmonary disease (documented by 
pulmonary function tests), or an inability to exercise 
for any reason other than dyspnoea or fatigue. 
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PROTOCOL 

To familiarise the patient with the exercise proto- 
cols, rapid and slow exercise tests were each per- 
formed twice in the two days before the study. 
Exercise was performed on a treadmill. Stages 14 
consisted of treadmill speeds of 1, 1-5, 2, and 2-5 
mph on the level. Stages 4-9 consisted of a treadmill 
speed of 2:5 mph and gradients of 2:5, 5, 7-5, 10, and 
12:5% . In the slow exercise protocol stages lasted 6 
min. The rapid exercise protocol consisted of a sud- 
den increase in workload from rest to that level of 
exercise at which exercise stopped during the prac- 
tice slow exercise tests. The patient was maintained 
at that workload for 3 min. The workload was then 
increased in stages every 2 min. We have previously 
shown that after a change in workload, oxygen con- 
sumption reaches 95% and 100% of the steady state 
value within 2 and 3 minutes respectively.* 

A Swan-Ganz catheter was inserted into a sub- 
clavian vein under local anaesthesia and advanced 
into the pulmonary artery and a TF14 catheter was 
inserted into the brachial artery under local ana- 
esthesia. All patients were exercised on the slow pro- 
tocol. Ten patients were exercised on the slow and 
rapid protocol in a randomised order on the same 
day. The second exercise test was performed 4 h af- 
ter the first test. Oxygen consumption, carbon diox- 
ide production, and minute ventilation were 
determined at rest and during exercise by a mass 
spectrometer (Airspec 200 MGA) and an online 
computer as previously described.* Measurements 
were made every second and results were averaged 
over a 30 s period. 

The anaerobic threshold was determined non- 
invasively from a graph of oxygen consumption 
against carbon dioxide production. A straight line of 
best fit was drawn through all points below 50% of 
maximal oxygen consumption attained. The anaer- 
obic threshold was recorded as the level of oxygen 
consumption at which subsequent points began to 
deviate from this line. This technique provides re- 
sults comparable to those obtained by graphical 
analysis with a computer.* Pulmonary artery wedge 
pressure was recorded at end expiration and pul- 
monary artery and arterial blood samples were ob- 
tained (for the determination of oxygen saturation 
and lactate concentration) at rest, at the end of each 
stage of exercise, and at maximal exercise. Mean 
and phasic arterial blood pressures were recorded 
continuously. 

Arterial blood for lactate determination was de- 
proteinised with cold perchloric acid and assayed by 
a spectrophotometric technique. Oxygen saturation 
of blood was determined by a reflectometer (Ameri- 
can Optical Corporation)., Haemoglobin concen- 
tration was measured by a Coulter counter. Blood 
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oxygen content was calculated by multiplying hae- 
moglobin concentration by 1-34 (ml/g haemoglobin) 
and by per cent saturation. Arteriovenous oxygen 
difference was calculated as the arterial oxygen con- 
tent minus pulmonary artery oxygen content. Car- 
diac output was calculated by the Fick principle as 
oxygen consumption divided by arteriovenous oxy- 
gen difference. This method has been validated 
against the thermodilution technique.* 


REPRODUCIBILITY 

Measurement of maximal oxygen consumption and 
anaerobic threshold and plasma lactate concen- 
tration has been shown to be reproducible.® The re- 
producibility of cardiac output and pulmonary 
capillary wedge pressure was assessed in five pa- 
tients who performed two slow exercise tests within 
a 24 hour period. There was less than 12% 
variability in the measurement of cardiac output 
and pulmonary capillary wedge pressure recorded 
during the two exercise tests in the same patient. 


STATISTICAL METHODS 

Data are expressed as mean (SEM) unless otherwise 
stated. Statistical analysis was performed by paired 
Wilcoxon test for paired data and by linear 
regression. 


Results 


All patients were taking diuretics. The mean dose of 
frusemide was 45 mg for those patients in New York 
Heart Association class II and 110 mg for those in 
class III. Vasodilator treatment included captopril 
(n=6) and nitrates (n=5). Four patients, all of 
whom were in atrial fibrillation, were taking digoxin. 


EXERCISE CAPACITY AND HAEMODYNAMIC 
RESPONSE TO SLOW EXERCISE 

Exercise testing was completed without incident in 
all patients. Exercise was terminated by fatigue in 18 
patients and fatigue and breathlessness in five pa- 
tients. Only two patients claimed that they stopped 
because of severe breathlessness alone. 

Maximal oxygen consumption (ml/kg/min) for 
patients in New York Heart Association class II was 
19 (1-7), and class ITI 13 (0-9), which is considerably 
below the normal range for this age group.’ Values 
recorded are symptom limited maximal oxygen con- 
sumption. It was not possible to demonstrate a gen- 
uine plateau of oxygen consumption with increasing 
workload because patients stopped exercise before 
this point was reached. 

The haemodynamic and ventilatory changes were 
analysed by regression analysis. There was no cor- 
relation between resting, maximal, or change in pul- 
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Table 1 Haemodynamic and ventilatory changes during the slow exercise protocol tn patients with heart fatlure 


Panent VO, max Exercise PCWP (mm Hg) 
(ralfeg|ran) duration 
(mtn) Rest 
1 25 64 4 
2 17 34 24 
3 22 64 17 
4 12 22 20 
5 11 33 22 
6 13 34 13 
7 14 46 10 
8 20 17 16 
9 11 24 22 
10 12 17 12 
1l 11 18 10 
12 12 16 25 
13 14 44 25 
14 11 17 10 
15 18 40 10 
16 17 40 14 
17 21 59 8 
18 14 34 12 
19 19 26 8 
20 15 24 15 
21 10 17 32 
22 10 19 34 
23 22 17 22 
24 13 17 11 
25 16 30 14 
Mean 15-3 31 16 27 
SD 43 15 7 8 


LSSSRROBSBREBSRRESSRBRSSS f 


Cardiac index (1/min{min?) 


e Change Rast Exercise 
14 21 10 
6 1:7 41 
13 2-4 6-6 
6 15 3-1 
7 2-2 3-3 
15 19 30 
10 22 45 
20 26 59 
1 28 35 
13 24 33 
14 22 33 
4 17 2-8 
17 22 39 
11 15 3-7 
11 3-4 7-0 
9 35 6-5 
8 16 46 
30 21 43 
5 27 47 
13 1-7 30 
0 17 27 
2 19 3-4 
8 20 55 
7 20 5:0 
30 22 5-6 
11 2:2 45 
73 O-5 1-7 


V0, max, maximal oxygen consumption, PCWP, pulmonary capillary wedge pressure. 


monary capillary wedge pressure and maximal 
oxygen consumption (r= —0-38. r=—0-19, and 
r=0-12 respectively) (Fig. 1) or exercise duration 
(r= — 0:36, r=0-16, r= —0-15). In contrast, max- 
imal cardiac index on exercise did correlate with 
maximal oxygen consumption and exercise duration 
(r=0-:77, p<0-0001 and r=0-60, p<0-001 re- 
spectively). Cardiac index at rest did not correlate 
with maximal oxygen consumption or exercise du- 
ration (r=0-21, r=0-18 respectively) (Table 1). 


VENTILATORY HAEMODYNAMIC AND 
METABOLIC RESPONSE TO FAST EXERCISE 

Ten patients exercised by both the slow and fast ex- 
ercise protocols, so that within patient comparison 
of responses to these tests was possible. All 10 pa- 
tients were among those who stopped exercise on the 
slow protocol because of fatigue. On the fast exercise 
protocol these patients stopped exercise because of 
severe breathlessness. Maximal oxygen con- 
sumption correlated with maximal cardiac index 
(r=0-6, p<0-05) with maximal pulmonary capillary 
wedge pressure (Fig. 2) (r= —0-1). Patients were 
able to exercise to a greater workload on the fast test 
(mean of 2-2 stages further than on the slow test). 
Minute ventilation at peak exercise was significantly 
higher during the fast test than during the slow test 
(51 vs 43 i/min, p<0-01). Furthermore the mixed 
expired oxygen concentration at peak exercise was 


significantly greater during the rapid protocol than 
during the slow protocol (17:6 vs 17:0%, p<0-01), 
suggesting that the sensation of breathlessness was 
associated with a greater degree of hyperventilation. 
Maximal oxygen consumption was greater at the end 
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(V0, max) and maximal pulmonary capillary wedge 
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Fig.2 Relation between maximal oxygen consumption 
(V0, max) and maximal pulmonary captllary wedge 
pressure (PCWP) during the rapid exercise test. 


of the fast protocol than at the end of the slow proto- 
col (16-8 vs 14-9 ml/kg/min, p<0-01), as was anaer- 
obic threshold (12 vs 11 mi/kg/min, p<0-01). Mean 
blood pressure at peak exercise was the same-during 
the slow and fast protocols. Though the reasons for 
stopping exercise were different in the two tests the 
mean pulmonary capillary wedge pressure in the pa- 
tients at peak exercise was the same in the two tests 
(p< 0-3). 

Arterial blood lactate concentration at peak exer- 
cise was higher and the change in arterial blood pH 
from the resting stage was greater during the fast test 
than during the slow test (3-7 vs 22 mmol/l, 
p<0-01; 0-06 vs 0-02, p<0-01) (Table 2). 


Lipkin, Canepa-Anson, Stephens, Poole~Wilson 
Discussion 


Patients with congestive heart failure frequently 
have limited exercise capacity because of fatigue and 
breathlessness. The present study has demonstrated 
that the symptom that ultimately terminates exercise 
depends on the type of exercise performed. Patients 
exercising on the fast protocol were stopped by 
breathlessness, yet when they exercised on the slow 
protocol fatigue was the limiting factor. We have ob- 
tained a similar result in a small pilot study of a 
different group of patients.® 

The sensation of breathlessness was accompanied 
by objective changes in ventilatory gas exchange. 
Minute ventilation and mixed expired oxygen con- 
centration were greater during the rapid test than 
during the slow exercise test, suggesting that the 
symptom of breathlessness was associated with a 
greater hyperventilatory response. 

Many mechanisms have been put forward to ac- 
count for breathlessness in patients with heart fail- 
ure, Patients with congestive heart failure have an 
increased physiological and anatomical dead 
space.” 1° It has been suggested that the hyper- 
ventilatory response seen in these patients occurs 
because more respiratory effort is required to venti- 
late the dead space and maintain eucapnia.'° Com- 
parisons made within patients indicate that this 
effect is unlikely to account for the different symp- 
toms during slow and fast exercise tests. 

Juxtapulmonary capillary receptors (J receptors) 
may be activated by lung stiffening, such as that 
which occurs with the accumulation of interstitial 
fluid, and this can result in tachypnoea and the sen- 
sation of breathlessness.‘! Decreased tung compli- 
ance, however, does not correlate with the degree of 


Table 2 Comparatrve haemodynamic, ventilatory, and metabohe changes during the rapid and slow exercise tests in patients with chronic 





heart failure 
Patient VO, max Anaerobic Cardiac Systemic PCWP, Minuta AArtenal  APaCO Lactate 
(mlikelmn) threshold BP (mmHg) (mmHg) ventilation pH {mm Hg) (mmol/l) 
Call eg |i) (ijmmjm?) (Iln) 
Slow Fast Fast Fast Slow Fas Slow Fat S Fas Slow Fas Slow Fast Slow Fast 
1 19 21 14 B 47 «47 102. B3 5 353 ē & 0065 œl Hi 0 22 38 
2 2 21 1 i 59 55 93 93 36 30 63 TM «O02 006 -1 0 24 39 
3 l4 116 UW did 44 #45 ° 9% 9% 2 2 41 46 002 008 0 -3 25 42 
4 1113 8 9 #37 42 6 5 2 7 37 49 004 006 +4 +1 26 35 
5 21 21 #19 199 46 45 86 8 16 17 «#49 49 003 003 -2 -2 23 42 
6 11 #14 10 2 33 35 7 A 2 2 39 «49 002 004 0 0 10 25 
7 13 16 10 11 30 37 108 100 28 27 4i 52 003 0-04 —5 —2 23 51 
8 l4 16 10 Il 43 55 104 106 42 44 47 «49 000 007 —4 0 25 35 
9 5  () © OS 35 8 4 2 23 35 4&5 ©0l 005 ~l -2 17 30 
10 15 #17 no 12 30 33 6 67 30 3 41 48 002 003 +1 -4 23 31 
Mean 15 17 lL 12 40 43 g 8 2 2 43 51 002 006 -1 -1 22 37 
SE 1 1 1 03 02 4 4 3 3 3 3 0-01 001 0 0 01 02 
p <0-01 <0-01 NS NS NS <001 <001 NS <0-01 





VO, max, maximal 
pressure; A PaCo,, m 


parual presure of arterial carbon 


gen consumption; 4 Arterial pH, change ın arterial pH from rest at end of exercise; PCWP y maximal pulmonary capillary wedge ` 
¢ i diomde from rest at the end of exercise; BP, blood pressure. 
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dyspnoea!?~'!* and only small increases in pul- 


monary blood volume and pulmonary extravascular 
fluid have been demonstrated in patients with left 
ventricular dysfunction.'* In the present study there 
was no correlation between resting or maximal pul- 
monary capillary wedge pressure and maximal oxy- 
gen consumption in patients exercised on the slow 
protocol; this accords with the studies by Franciosa 
et al.t6 17 Furthermore, there was no difference in 
maximal pulmonary capillary wedge pressure at the 
end of the slow and fast exercise tests. These 
findings suggest that a high pulmonary capillary 
wedge pressure does not limit exercise tolerance and 
is not the major factor responsible for the sensation 
of breathlessness in patients with congestive heart 
failure. The interpretation based on this data should 
not be applied to patients with acute onset of left 
ventricular failure where a high left atrial pressure 
results in pulmonary oedema and breathlessness. 

If a respiratory cause was primarily responsible 
for the exercise limitation in congestive heart 
failure, a fall in arterial oxygen saturation would 
be expected. We and others have shown normal 
arterial oxygen saturation during exercise in these 
patients.° 18 

An alternative mechanism may be operating dur- 
ing the metabolic changes that occur during exer- 
cise. Plasma lactate concentration is increased 
primarily as a consequence of an inadequate supply 
of oxygen to metabolising tissue,!® with resultant 
anaerobic metabolism. Skeletal muscle blood flow is 
reduced in patients with congestive heart failure and 
this accounts for the early appearance of lactate in 
the femoral vein on exercise.” Fast twitch muscle 
fibres produce lactate despite an adequate supply of 
oxygen?’ and they are recruited for short bursts of 
strenuous muscle activity. A reduction of blood flow 
to the liver and diminished hepatic metabolism may 
contribute to the rise of blood lactate concentration. 
Rapid exercise will thus result in a greater rate of 
production of lactate which exceeds its rate of me- 
tabolism by the liver; hence the higher blood lactate 
concentration that was seen at the end of the fast 
protocol. 

Lactate is buffed by bicarbonate in the blood pro- 
ducing carbon dioxide in excess of that resulting 
from aerobic metabolism. Arterial carbon dioxide 
tension was unchanged from the resting value at the 
end of both exercise protocols, yet arterial blood pH 
was significantly lower at the end of the fast test than 
at the end of the slow test; this is consistent with the 
greater rise in plasma lactate concentration seen 
during this test. 

The ventilatory response in normal people during 
exercise may be related to feedback loops that mon- 
itor the changes in arterial pH and carbon dioxide 
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tension and depend on intact carotid body recep- 
tors.2!?? The ventilatory response to exercise and 
exercise capacity can be modified by alterations of 
pH and carbon dioxide tension in arterial blood.?* 
The present study shows that the sensation of 
breathlessness was associated with a rapid rise in 
plasma lactate concentration and fall in arterial pH. 

Such observations do not necessarily imply cause 
and effect nor that the hyperventilatory response is 
solely dependent on the metabolic changes in the 
blood on exercise. Patients with McArdle’s disease 
cannot produce lactic acid yet they hyperventilate on 
exercise.?* It has been suggested that the hyper- 
ventilatory response in these patients may be in- 
duced by skeletal muscle pain.*> It is unlikely that a 
local stimulus in muscle mediated by neural 
mechanisms”° is solely responsible for the sensation 
of breathlessness in normal people and patients with 
congestive heart failure, because a hyperventilatory 
response has been shown to occur in patients with 
spinal transection.?’ The present results are consis- 
tent with the idea that the sensation of breath- 
lessness that occurs in patients with congestive heart 
failure during rapid exercise is in part the con- 
sequence of the rapid mse in blood lactate concen- 
tration and fall in pH that stimulate the 
hyperventilatory response. 

Fatigue is the second major symptom of patients 
with heart failure. This study demonstrates that ex- 
ercise tolerance in congestive heart failure is related 
to maximal cardiac output during exercise. Wilson ez 
al demonstrated that patients with congestive heart 
disease stopped exercise because of fatigue when a 
critical level of muscle underperfusion occurred and 
they concluded that the low maximal exercise capac- 
ity of patients with congestive heart failure was the 
result of impaired nutritive flow to skeletal muscle.? 
Though the results of this study accord with that 
idea, other factors may be relevant. Most patients 
stopped exercise on the slow protocol because of fa- 
tigue. When 10 of these patients were exercised on 
the fast protocol, however, they stopped exercise at 
significantly higher cardiac outputs and maximal ox- 
ygen consumption, yet with the same mean arterial 
blood pressure, than when they were exercised on 
the slow protocol. 

There are two explanations for this unexpected 
finding. The sensation of fatigue ın congestive heart 
failure is not dependent solely on impaired nutritive 
flow to exercising muscle. Rise in body temperature, 
boredom, and lack of motivation may have ended the 
exercise test prematurely. Alternatively, prolonged 
exercise may be associated with an increase in skin 
blood flow to offset the rise in body temperature and 
maintain thermoregulatory control. This would div- 
ert blood from skeletal muscle and lead to the earlier 
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development of anaerobic metabolism and a fall in 
intracellular pH as lactic acid accumulates within 
the cell. Presumably the rate of lactate production is 
nearly matched by the rate of lactate clearance and 
hence there is only a small rise in blood lactate 
concentration. Intracellular acidosis is closely 
related to and may be partly responsible for 
muscle fatigue.78~>° 

We have demonstrated that the design of an exer- 
cise protocol is important when assessing the max- 
imal exercise capacity of patients with congestive 
heart failure. Though a steady state may not be 
reached with protocols with stages of short du- 
ration,*! if prolonged exercise testing is used to en- 
sure a steady state at each stage of the exercise test 
symptom limited maximal oxygen consumption, an- 
aerobic threshold, and maximal cardiac output may 
be underestimated. Similar observations were 
recently made by Buchfuhrer er al in normal people; 
as a result they suggested selecting work rate 
increments to bring the subjects to the limit of their 
exercise tolerance in about 10 minutes.*? Further 
studies are required to evaluate the best exercise 
protocol for studying exercise capacity of patients 
with heart failure; the present study suggests that 
short exercise protocols with rapid increases in 
workload are desirable. 

This study has shown that the symptoms limiting 
exercise tolerance in patients with congestive heart 
failure depend on the type of exercise performed and 
that such symptoms are independent of changes in 
pulmonary capillary wedge pressure. Metabolic 
changes may contribute to the sensation of breath- 
lessness during rapid forms of exercise. Symptom 
limited maximal oxygen consumption and peak car- 
diac output recorded during exercise are affected by 
the length of the exercise protocol. The design of 
exercise protocols for the assessment of patients with 
congestive heart failure must take these factors into 
account, 
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Analysis of interobserver and intraobserver variation 
of interpretation of the echocardiographic and 
Doppler flow determination of cardiac output by the 


mitral orifice method 
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From the *Seroizio di Emodinamica, Ospedale Civile, Via Montereale, Pordenone, and {Servizio di 


Cardiologia, Soave (Verona), Italy 


SUMMARY The variability of the interpretation by two individuals of a combined echo- 
cardiographic and Doppler method of calculating output was studied in 30 normal adults. In each 
subject three separate cardiac cycles were recorded to calculate maximal mitral valve orifice, the 
ratio of mean to maximal mitral valve leaflet separation, and the mean flow velocity through the 
mitral valve. The recordings were digitised twice by two independent observers. Estimates of 
cardiac output.ranged from 3:2 to 8-1 l/min. Analysis of variance showed that interobserver and 
intraobserver variability for these measurements was 5-8% and 6:1% respectively. 

It is concluded that the reproducibility for interpreting this non-invasive method is adequate 
for clinical use in adults with cardiac outputs within the normal range. 


A combined echocardiographic and Doppler flow 
technique that assesses blood flood through the mi- 
tral valve has been used to estimate cardiac ouput in 
animal models‘? and in patients.’ * We have anal- 
ysed the variability of intraobserver and inter- 
observer results when estimates of flow through the 
mitral orifice were used to calculate cardiac output in 
normal adults.’ 


Patients and methods 


We studied thirty four normal adults. Four were 
subsequently excluded because of poor quality echo- 
cardiograms. The mean age of the remaining 30 was 
32 (16-52 years) (15 men, 15 women). 
Echocardiograms and pulsed Doppler recordings 
were made on a Honeywell Ultra-imager with a 
3:5 MHz mechanical transducer. Three prints of 
stop frame echocardiographic video images of three 


Requests for reprints to Dr Gian Luigi Nicolosi, Servizio di 
Emodinamica, Ospedale Civile, Via Montereale, 33170 Pordenone, 
Italy. 


Accepted for publicsnon 21 January 1986 


separate cardiac cycles were used to estimate the 
maximum mitral valve orifice (from parasternal 
short axis views). 

We obtained M mode recordings of the mitral 
valve at the same level through the leaflets as the 
cross sectional study. Again, three cardiac cycles 
were recorded. Then with the transducer positioned 
on the cardiac apex a pulsed Doppler sample volume 
was set to a length of 1 cm and positioned just below 
the mitral leaflets. The sample lies parallel to ven- 
tricular inflow (or was estimated to be no more than 
15° off parallel). Doppler flow was recorded for three 
cycles on hard copy at a paper speed of 50 mm/s. M 
mode recordings were obtained at the same record- 
ing speed. 

One investigator obtained all the echo- 
cardiographic images and Doppler recordings from 
resting and haemodynamically stable subjects. On 
two occasions two observers independently and 
blindly calculated mitral valve area from hard copies 
of real time and M mode traces of the three cycles. 

For technical reasons, which were specific to our 
computer system digitising pad, the Doppler flow 
curves were traced on to plastic transparency from 
the hard copy and the transparencies were digitised. 
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The densest part of the velocity trace was taken as 
the modal velocity. 

A third observer independently and blindly per- 
formed the computer digitisation of the trans- 
parency traces of the modal velocities of the three 
cycles. The computer system calculated the area un- 
der each curve to determine the mean velocity of 
transmitral flow for each cycle. 

The maximum mitral area was estimated from 
tracings on transparencies of the real time stop frame 
image (both observers produced two tracings for 
each cycle), The line of the trace followed the inner 
contour of the mitral leaflets. ‘The transparencies 
were then digitised independently and blindly by 
the third observer to calculate maximal mitral valve 
orifice for the three recorded cycles. Mean to maxi- 
mal mitral leaflet separation was calculated for the 
three beats from the M mode traces. The mean mi- 
tral maximal area was multiplied by the ratio of the 
mean to maximal valve leaflet separation to give an 
effective mean diastolic cross sectional orifice area 
for the mitral valve (this ratio is said to correct for 
variations in mitral valve orifice size during di- 
astole).! The two observers traced the anterior and 
posterior mitral leaflets on the M mode trace. They 
did this twice for the three recorded cycles. The 
tracings were digitised blindly by the third observer. 

The mean:maximal mitral orifice ratio was calcu- 
lated from the formula—A/] x h, where A is the area 
of the anterior and posterior mitral leaflets on M 
mode; h is the maximal leaflet separation; and | is the 
duration of leaflet separation (diastole). Cardiac out- 
put was calculated using the formula; CO = 
(V CSA 60)/cos 0; where CO is cardiac output 
(i/min); V is mean velocity throughout the entire 
cardiac cycle uncorrected for angle (cm/s), calcu- 
lated as the mean of the three cycles and of the four 
measurements performed by the two observers; 
CSA is effective mean diastolic mitral valve orifice 
area corrected for diastolic variations (cm?), deter- 
mined by multiplying the cross sectional maximal 
mitral valve orifice area by the ratio of 
mean:maximal mitral leaflet separation on the M 
mode recording. All the measurements were the 
mean of the three cycles and of the four deter- 
minations of the two observers; cos @ is the cosine of 
the angle between the Doppler beam and blood flow. 


Table 1 


Vanabihty Cross sectional 
om? % 
Interobserver 0 141t 25 
Intraobserver 0312 55 
Beat to beat 0 424t 75 


*p=0 01 compared with intraobserver variability 
tp = 0-001 compared with intraobserver varlability 


For the purpose of this study the cos 8 was assumed 
to be 1 for all calculations for the following reasons: 
(a) the purpose of the study was to analyse the inter- 
pretative reproducibility and not the effect of the an- 
gle 0; (b) in 80% of our cases the angle was 
effectively 0 and all other sampling angles were less 
than 15°; (c) to simplify statistical analysis of the 
data by avoiding variables not strictly related to in- 
terpretative reproducibility; (d) a true correction 
would have to be performed in three planes and this 
would be impracticable and subjective. 

Final results of cardiac ouput values are given as 
the mean of the four measurements obtained by the 
two observers. 


STATISTICAL ANALYSIS 
Interobserver and intraobserver interpretative vari- 
ability was calculated by analysis of variance. The 
variability was determined not only for cardiac 
output measurements, but also for each of the three 
factors included in the formula for calculating 
cardiac output (cross sectional echocardiographic 
measurements, M mode echocardiographic mea- 
surements, Doppler measurements) and beat to beat 
for each of the three beats used for the analysis. 
The 30 cases were also arbitrarily divided into 
three groups on the basis of excellent quality record- 
ings (15 cases), good quality recordings (10 cases), 
and fair quality recordings (five cases) to evaluate 
the possible influence of the quality of the recording 
on the final variability. 


Results 


Calculated Doppler cardiac output values ranged 
from 3-2 to 8-1 l/min (mean 5-1 (1-3) l/min). The in- 
terobserver and intraobserver variability for cardiac 
ouput was 0:295I/min (5-8%) and 0-3101/min 
(61%) respectively. 

Table 1 shows the interobserver and intraobserver 
variability for cross sectional measurements, M 
mode measurements, and Doppler measurements as 
well as beat to beat variability for the three groups of 
measurements. Table 2 shows the total inter- 
pretative variability for the cross sectional mea- 
surements, M mode measurements, and Doppler 


Interobserver, intraobserver, and beat to beat variability 





M mode Doppler 

Units % cm/s % 
0 0085* (16) 053t 18 
0 0175 (33) 157 55 
00147t (28) 1-224 43 
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Table 2 Variation in the intérpretation of cross sectional, M mode, and Doppler measurements on the basts of the quality of 





the recordings 
Quality Cross sectional M mode Doppler 

om? % Umts % cm/s 
Excellent (n= 15) 0:549* 99 0 0245 & 9) 2:36* 82 
Good (n= 10) 0 677* 11-0 0 0363 a 217 76 
Fair (n=5) 0-566* 10-5 00351 60 2 70* 94 


*p<0 001 compared with M mode (Fisher F test for varrance). 


measurements on the basis of the quality of the 
recordings. 


Discussion 


We studied the variability of the interpretation of 
recorded data not variability due to the recording 
procedure. Both interobserver and intraobserver 
variability was close to 6%. 

Real time, M mode, and Doppler measurements 
were associated with similar degrees of variability, 
although real time measurements tended to produce 
more variability and M mode less. 

Although adult real time images are inherently 
less satisfactory than paediatric images, we found 
that provided the image was suitable for analysis, the 
difference in their grading was not a major factor in 
producing the variability (Table 2). Although the 
subjects in our study were clinically normal, image 
studies were unsatisfactory in four (12%) of them. 
Presumably the proportion of unacceptable record- 
ings in ill patients in intensive care who may have 
had recent thoracic surgery will be much higher. 
Our subjects all had cardiac output values in the 
normal range. Whether or not similar re- 
producibility would be obtained in low output states 
has yet to be determined. 

We have not entered into the debate on the pre- 
ferred site for recording blood flow—that is the aorta 
or transmitral position—nor have we examined the 
assumption that the mitral orifice is circular in 
diastole? We examined the suggestion that vari- 
ability within and between interpretors can 


significantly influence the accuracy of measure- 
ment. We found that in a small group of normal 
individuals the interpretative variability of analysing 
the echocardiographic and Doppler measurements 
required for mitral flow calculations was within clin- 
ically acceptable limits. A larger series incorporating 
a range of output states is needed to analyse further 
factors that may affect variability. 


We thank Dr David Sahn, University of California 
Medical Centre, San Diego for help and advice. 
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Factors that influence the outcome of primary 
pulmonary hypertension 


ADRIAN ROZKOVEC,* PATRICIA MONTANES,t CELIA M OAKLEY 
From the Department of Clinical Cardtology, Department of Medicine, Hammersmith Hospital, London 


SUMMARY Factors predicting life expectancy in primary pulmonary hypertension have not been 
well defined. Thirty four cases of primary pulmonary hypertension that had been followed up 
until death or for at least five years were reviewed retrospectively. Patients were divided into three 
groups: 18 patients who died within five years of presentation to hospital; 12 who survived more 
than five years; and four who improved and who lived for more than five years. The age at onset 
was similar in the three groups and, like symptoms and sex, did not predict life expectancy. Right 
heart failure during the course of the disease was associated with a poor outcome. Radiographic 
evidence of cardiac enlargement and evidence of right heart strain on electrocardiogram at 
presentation was also predictive of survival for < five years. Pulmonary arteriolar resistance was 
higher and cardiac output lower in those with the shortest survival times. There was no relation 
between pulmonary artery pressure and length of survival. Systemic resistance varied directly 
with pulmonary resistance and served to maintain systemic pressure. Presentation in or after 
pregnancy and patency of the foramen ovale were associated with longer survival. In four patients 
there was evidence of regression of the disease by cardiac catheterisation and lung histology. 
Primary pulmonary hypertension is a heterogenous condition in which life expectancy varies 


widely. 


Primary pulmonary hypertension is a rare disease. 
The condition was well known to Paul Wood and the 
clinical features were meticulously presented by him 
in 1952, but credit for the first full description is 
usually given to Dresdale et al. The pathology was 
reviewed by Brenner in 1935. In 1970 Wagenvoort 
and Wagenvoort in their detailed multicentre study 
of lung histology put forward the criteria necessary 
for complete diagnosis.” The incidence is at most 
one in 200 of all cases of cardiac disease that go to 
catheterisation.? + 

There have been few follow up studies of 
sufficient size for valid conclusions to be reached on 
the factors predicting outcome.**5° The largest 
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reviews have been multicentre ones,? $” or have 


been cases collected from published reports.® The 
identification of risk factors might provide a greater 
understanding of pathophysiology and ultimately 
help in treatment. 

The haemodynamic, electrocardiographic, and 
chest x ray findings accompanying clinical deterio- 
ration have been reported,>* but the relation of 
these changes to life expectancy has not. Right heart 
failure usually occurs with time. Some patients with 
primary pulmonary hypertension have a patent for- 
amen ovale due to persistently raised right atrial 
pressure. There is experimental evidence that such a 
shunt can prevent sudden death.?!° We examined 
the prognostic importance of right heart failure and 
of the presence of a patent foramen ovale. 

The influence of associated disease on outcome 
is uncertain. Pulmonary hypertension is found in 
association with various connective tissue 
disorders!! +? in the absence of interstitial lung dam- 
age, but in most patients with pulmonary hyper- 
tension there is no evidence of another disease. The 
preponderance of females in both conditions is well 


449 


450 


known.? 3 5 Oral contraception’? '* and pregnancy!’ 
have been linked with progressive pulmonary vascu- 
lar disease—both to the apparent onset of primary 
pulmonary hypertension and to development of the 
Eisenmenger syndrome in ventricular septal defect. 
Presentation in right heart failure towards the end of 
pregnancy or post partum is well recognised and 
generally considered to carry a poor immediate and 
long term outlook.'* This was not our experience. 
Finally, survival from time of presentation or onset 
of symptoms is variable? ê and reports of spontane- 
ous regression have been rare®!®!7 except after 
ingestion of anorectic drugs.° Regression may occur 
more frequently than supposed. 


Patients and methods 


The records of all 34 patients with a diagnosis of 
primary pulmonary hypertension attending Ham- 
mersmith Hospital between 1961 and 1981 were 
traced. All of them had been followed until death or 
had survived for at least five years from the time of 
presentation to a hospital. Those who had been fol- 
lowed up for less than five years and who were still 
alive were not included in this series. 


Pulmonary hypertension is deemed to be idio- 


pathic when all known causes have been excluded. 
We believe that pulmonary perfusion must be 
assessed before idiopathic pulmonary hypertension 
can be diagnosed. In a retrospective series of 
patients with primary pulmonary hypertension in 
which lung histology was available, such 
investigations had not been universally applied, and 
most of those who were misdiagnosed had throm- 
boembolic hypertension.” The criteria for diagnosis 
and the number of tests used were: right ventricular 
hypertrophy on the electrocardiogram in the 
absence of known cause (34); raised pulmonary 
artery pressure and normal capillary wedge or left 
ventricular filling pressure (34); pulmonary angio- 
gtam consistent with primary pulmonary hyper- 
tension (29); normal ventilation perfusion lung scan 
(25); consistent lung histology (5); M mode echo- 
cardiogram (13). No patient had taken oral con- 
traceptives before presentation and none had been 
taking anorectic medication at any stage. 

Seven patients had more than one cardiac cath- 
eterisation. All had had a ventilation perfusion scan 
or pulmonary angiogram, and most had had both. 
Nineteen of 25 perfusion lung scans were normal 
and six showed only minor perfusion abnormal- 
ities.1°1° Pulmonary angiograms showed no evi- 
dence of pulmonary emboli. Lung histology was 
studied at necropsy. The M mode echocardiogram 
recordings had features consistent with idiopathic 
pulmonary hypertension in every case.?° 
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Follow up was measured from the time of 
presentation to hospital and ranged from five to 28 
years; follow up at Hammersmith Hospital was eight 
months to 14 years. Data were compiled from our 
records and those of the referring physicians. Details 
of the history, examination, electrocardiogram, and 
chest x ray within the first six months of hospital 
attendance were available for every subject. When- 
ever findings were abnormal during this period they 
were recorded as being those at presentation. Fur- 
ther clinical details were obtained from the patient 
when possible. Overt right heart failure was defined 
as a combination of a raised jugular venous pressure, 
enlargement of the liver, and peripheral oedema. 
The resting electrocardiogram was analysed for 
right atrial strain, frontal axis, and evidence of right 
ventricular hypertrophy. The criteria for right 
ventricular hypertrophy were fulfilled if two or more 
of the following four conditions were met: R wave in 
V1>0-7mV, S wave in VI1<0-2mV, sum of the 
amplitudes of the R wave in V1 and larger of the S 
waves in V5 or V6>1-05mV, and R wave in 
aVR> 0-5 mV.?! Right axis deviation was defined as 
a mean frontal QRS axis greater than +90°. Chest x 
rays were assessed by one observer and a radiologist 
aware of the likely diagnosis, but without knowledge 
of individual clinical courses. Analysis was subjec- 
tive and for right ventricular enlargement was based 
on the lateral view. For the size of the main pul- 
monary artery, the posterior anterior projection was 
used. No patient had radiologically detectable inter- 
stitial lung disease. 

Further investigations, especially cardiac cath- 
eterisations, were often performed after the first six 
month period. Catheterisation was always carried 
out with the patient in the fasting supine resting 
state. Assumed oxygen consumption was used to 
calculate cardiac output in all but three cases. Exis- 
tence of a right to left shunt at atrial level was based 
on catheter patency and desaturation of left atrial 
blood. We excluded subjects in whom this was sec- 
ondary to an atrial septal defect rather than a patent 
foramen ovale.*? 

Patients were divided into three groups according 
to their clinical course: group I, 18 who died within 
five years of presentation; group II, 12 patients who 
survived for longer than five years; and group III, 
four patients in whom there was evidence of 
regression. The survival time was examined in 
relation to associated conditions and to the hae- 
modynamic data in an attempt to identify significant 
prognostic factors. One tailed Fisher’s exact proba- 
bility test and Student’s t test were applied where 
appropriate. Linear regression analysis and Spear- 
man rank correlation coefficient were also used.?° 
Statistical significance was taken as p<0-05. 


Outcome in primary pulmonary hypertension 
Results 


There was no relation between age at presentation 
and mean survival (Table 1). The ratio of females to 
males was significantly lower for those aged 245 at 
presentation than for those <45 at presentation 
(p<0-01). Twenty six of the 34 patients studied 
were female. The most frequent symptoms when the 
patients were first seen at hospital were breath- 
lessness (100%), syncope or dizziness (50%), pal- 
pitation (11-:8%), and exertional chest pain (5-9%). 
The mean age at onset of symptoms was 33, 30, and 
27 years, for groups I, II, and III respectively. 
Seven were children aged < 16; the youngest was 18 
months old. 

Table 2 summarises the initial clinical features of 
the three groups. Right ventricular failure at 
presentation was significantly more common in 
group I than in group II (p<0-05). Ascites was 
present in 50% of those in failure. All patients in 
group I eventually developed signs of right heart 
failure, and no deaths were sudden. Only one patient 
in group II presented in right heart failure, but 
seven subsequently developed this complication and 
five of them died. Two of this group are alive; both 
have a patent foramen ovale. Clinical evidence of 
right ventricular failure was examined in relation to 
chest x ray and electrocardiographic findings. Only 
right ventricular enlargement and two of the three 
chosen electrocardiographic features of ventricular 


Table 1 Sex and age at presentation and relation to 
survival 





Age Number % Sex Mean surowal 
OEE tme (yr) 
F M 

0-15 7 20 6 6 1 8-7 

16-45 19 55 9 17 2 79 

>45 8 23-5 3 5 49 

Towi 34 100 26 8 73 
(76%) (24%) 





Table 2 Cknical features at time of first presentation 
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overload were present to a significantly greater 
degree in those who died within five years than in 
those who did not. All these features remaimed 
unchanged or progressed in the patients of groups I 
and II who died. There was little response to 
diuretics and only one patient was treated with 
digoxin. All were put on warfarin and none was 
treated with vasodilators. In contrast, two of the 
four patients in group III were originally in heart 
failure; one recovered (case 1) and in another (case 2) 
there was a long period of stable congestive heart 
failure. 

Table 3 shows haemodynamic data at rest. There 
were no significant differences between the three 
groups for mean right atrial pressure, right ventricu- 
lar filling pressure, and peak systolic and mean pul- 
monary artery pressure, although all these variables 
were higher in groups I and II than in group III. 
Left ventricular filling pressure (measured directly 
in six) was greater and cardiac output lower in those 
who survived <5 years. Pulmonary arteriolar 
resistance and systemic vascular resistance were 
lower in those in whom the disease regressed than in 
those who died within five years of presentation. 
There was a direct linear relation between pul- 
monary arteriolar resistance and systemic resistance 
(r=0-66, p <0-0005) for patients in all three groups 
(Fig. 1). 

We used Spearman’s rank correlation (one tailed) 
to analyse the initial haemodynamic values for indi- 
vidual patients in relation to survival time from 
presentation. Cardiac ouput was directly related to 
survival (p <0-0005). The longer the survival, the 
lower the pulmonary arteriolar resistance (< 0-005), 
systemic vascular resistance (p<0-001), and right 
ventricular end diastolic pressure (p<0-025). 
Correlations for mean systemic, right atrial, and 
pulmonary artery pressures were not significant. 

Repeat catheterisations were performed in three 
patients in group IJ and all four in group III. In the 
group II patients (Fig.2) there was evidence of 
progression with a rise in total pulmonary vascular 








Clhmcal feature Group I (n= 18) Group II (n= 12) Group ITI (n= 4) p valua (Ios 114+ 111) 
(%) (%) (%) 
Exammation. 
Tricuspid regurgitation 277 0 50 NS 
Right ventricular added sound 500 250 50 NS 
Overt right heart failure 444 83 50 NS 
Electrocardiogram: 
Right ventricular hypertrophy 100 83-3 75 NS 
Right axis deviation 100 66'6 100 <0 05 
Rıght atrial strain 944 25-0 50 <0 0005 
Chest x ray: 
Right ventricular enlargement 100 66 6 50 <001 
Pulmonary artery dilatation 100 100 100 NS 
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Table 3 Haemodynamic features (mean (1 SD)) at first cardiac catheterisation 





Groups p value 
I(n=18) II (nme 12) LIE (nm 4) Ivell Iw IHI = Uva lil 
Survival time from presentation (yr) 268 Ses 9-67 (4°87) 18-75 (6-40 <00005 <00005 <00005 
Catheter tıme from presentation (yr) 1-44 (1 20 4 83 (4 95) 5-25 (7 23 <0 005 <0:025 NS 
RA (mm Hg) 7-56 (3-55) 8-00 (4 Si 6 2514 6 NS NS NS 
RVEDP (mm Hg) 12 29 (4 38)* 1100 91 8°75 (5 68) NS NS NS 
SPAP (mm Hg) 97 44(19 73) 93-33 (32-59) 81-50 (32 22) NS NS NS 
PA (mm Hg) 63-89 (12-31) 60-75 (22-43) 53 75 (13 87) NS NS NS 
Pees (mm Hg) 8 33(2 89) 6-42(2 8 5-25 (2:06) <0 05 <0 05 NS 
277(0 BH 356 (114 430(1 91) <0-01 <0-005 NS 
PA W. 20 66 (4-84; 16 95 (9-35) 12-22(4 97) NS <0-005 NS 
SA (mm 83-67 (11-1 87-92 (15 10) 79-50(10 79) NS NS NS 
SVR (U) 28 33 (6 50) 24 26(7-95) 18-58 (5 48) NS <001 NS 
RA, mean right atrial pressure; RVEDP, right ventricular end diastolic pressure; SPAP, systolic artery pressure; PA, mean 
pulmonary artery pressure, POR/LVEDP, mean pulmona y capillary wedge pressurej/left ventri end diastolic pressure; CO, cardiac 
output; PAVR, pulmonary arteriolar vascular resistance; mean systemic pressure; SVR, systemic vascular resistance. 


¥n we 17, 


resistance and pulmonary artery pressure and fall in 
cardiac output. In contrast, there was clear 
improvement in three out of the four patients in 
group ITI (Pig. 3) with a fall in total pulmonary vas- 
cular resistance and pulmonary artery pressure and 
tise in cardiac output. 

In the fourth patient (case 2) pulmonary artery 
pressure and cardiac output both fell and the hae- 
modynamic changes were accompanied by clinical 
deterioration and chronic right ventricular failure. 
She died twelve years later of salmonella infection of 
her chronic ascites. Postmortem histology showed 





Fig.1 Resting haemodynarme data on first catheterisation 
in 34 patients with primary pulmonary hypertension. SVR, 
systemic vascular resistance; PaVR, pulmonary arteriolar 
vascular resistance. Linear regression equation: 

9213-144 0-687x; r=0-66; p= <0-0005. 


only grade 1 changes on the Heath classification?* 
after she had survived more than a decade in heart 
failure but with a near normal pulmonary artery 
pressure. 

Heart size and electrocardiographic evidence of 
right ventricular hypertrophy decreased in the three 
patients who did well. In two of these (cases 3 and 4) 
symptoms first appeared during and after preg- 
nancy. Case 4 was given a trial of prenylamine and 
domiciliary oxygen soon after diagnosis and con- 
tinued to take prenylamine for one year. Case 1, the 
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Fig.2 Resting haemodynamic data in the three aes of 
group II who had repeat cardiac catheterisation. PA, mean 
pulmonary artery pressure (mm Hg); CO, cardiac output 
(I/man); TPVR, total pulmonary vascular resistance 
(units). 


Outcome in primary pulmonary hypertension 


Epoprostenol 
(8ng/kg/min for min) 
704 ~ vy 
60 
50 
Pa 40 
30 
20 





1 
9 
74 - 
cO s 
E Ee H~-- nee 
1 





FPig.3 Resting haemodynamic data m patients in group III. 
PA, mean pulmonary artery pressure (mm Hg); CO, 
cardiac output (l/mn) ; TPVR, total pulmonary vascular 
resistance (units). Data on patent 1 are indexed per m° 
because she was first studied as an adolescent. 


subject of a previous report,!® deteriorated again 
after a pregnancy and spontaneous abortion (Fig. 3) 
but she has subsequently improved, though pul- 
monary artery pressure remains raised. 
Epoprostenol (prostacyclin), a powerful vasodilator, 
was infused at a dose of 8ng/kg/min for 15 minutes, 
and on both occasions produced short term hae- 
modynamic improvement. She is almost symptom 
free, as are the other two. None of group III had a 
patent foramen ovale. 

In five cases lung histology was traced. Two 
showed Heath grade 3 changes”; one each in group 
I and II. A further two, both in group I, had grade 
5 changes. In the fifth patient from group III, case 2 
described above, there was evidence of a fall in pul- 
monary artery pressure for at least eight years before 
death and only grade 1 changes. Three patients had 
associated connective tissue disease (systemic sclero- 
sis, systemic lupus erythematosus, and rheumatoid 
arthritis). In two of these histological assessment 
was available; neither had evidence of pulmonary 
vasculitis. 

‘Tables 4 and 5 list associated factors that might 
influence survival. Two patients had a relative with 
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Table 4 Relation of clinical and haemodynamnc features to 
survival 








Surorval 
<S yr >Syr p value 
(n=18) {(n=al16) 
Familial disease 1 1 NS 
Connective tissue disease 3 0 NS 
Pregnancy 0 5 <0 02 
Patent foramen ovale 0 4 <0 05 
Right heart failure at 
presentation 8 3 NS 
Right heart failure at some 
stage 18 10 <0 005 





Table5 Mean survival after presentation and factors that 
may be associated with outcome 





Factor Number = % Mean surtnval 
(yr) 
Famihal disease 2 59 6 
Connective nssue 
disease 3 88 34 
Pregnancy 5 147 14-2 
Patent foramen ovale 4 118 115 
No related factors 20 588 5-5 
All patients 34 100 73 


proven primary pulmonary hypertension. The three 
patients with connective tissue disease lived for <5 
years after presentation. The outcome was 
significantly better when pulmonary hypertension 
first appeared during pregnancy (p<0-02). All five 
had symptoms towards the end of pregnancy. None 
went into right heart failure. Two had had one pre- 
vious uneventful pregnancy. In one patient (case 1) 
there had been an improvement until her spontane- 
ous abortion. Although right heart failure at 
presentation was not predictive of a poor outcome, 
an episode of documented right heart failure at some 
stage during follow up was associated with poor 
prognosis (p <0-01). Again, case 1 was an exception. 
The presence of a patent foramen ovale improved 
prognosis (p <0-05). 


Discussion 


The diagnosis of primary pulmonary hypertension 
is reached by exclusion. Five patients in this series 
did not have pulmonary angiograms. Most perfusion 
lung scans were normal. In primary pulmonary 
hypertension minor perfusion defects accompanied’ 
by normal ventilation on lung scan are sometimes 
seen,'®!9 without histological evidence of pul- 
monary emboli?’ whereas chronic thromboembolic 
pulmonary hypertension always causes major 
defects. We made every attempt to include only 
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those patients who fulfilled current criteria for pul- 
monary hypertension of unknown cause.® 75 

The diagnosis can only be established with cer- 
tainty by examination of a representative lung 
biopsy specimen of adequate size??°?7; this was 
achieved in five patients. During the period of this 
study there were four patients with pulmonary 
veno-occlusive disease; in two the diagnosis was 
confirmed by lung biopsy and in all it was sub- 
sequently confirmed at necropsy. Six patients had 
thromboembolic pulmonary hypertension. These 10 
patients were excluded from the series. 

All but two of the patients were first catheterised 
when aged >17 years. Onset in childhood is less 
common.??® The sex distribution, with a predom- 
inance of females after the menarche is similar to 
that reported in other series.” ° $ The reasons for this 
are unknown® and this observation is as true of 
familial as of non-familial primary pulmonary 
hypertension.?° The finding that a greater propor- 
tion of male patients had late onset disease is sup- 
ported by a previous study.’ Again, the reason for 
this is unknown. 

Age at presentation to hospital rather than onset 
of symptoms was taken as our reference point, 
because onset is inevitably poorly defined in such a 
slowly progressive condition. There was no relation 
between age at presentation and mean survival, 
and this accords with previous work.? The fre- 
quency of symptoms was similar to those already 
reported.® è !? Breathlessness is usually the first and 
almost universal complaint.? 8 1? No patients in our 
series gave a history consistent with digital vaso- 
spasm but not all can be assumed to have been 
directly questioned about this. The onset of symp- 
toms occurred slightly earlier in those surviving for 
>5 years. Survival in adults is regarded as being 
independent of the age of onset.? ? 

Outcome was poor when clinical right heart fail- 
ure was evident at presentation to hospital or devel- 
oped subsequently. The association of right heart 
failure with mortality is as true of primary pul- 
monary hypertension’? as it is of pulmonary 
hypertension associated with ingestion of aminorex® 
and thromboembolic disease.*! Non-invasive mea- 
sures of right ventricular load and right ventricular 
size and mass from the electrocardiogram and x ray 
were no more useful for predicting outcome than 
were Clinical features in those with right heart fail- 
ure. The pulmonary artery size was unhelpful and is 
known not to correlate with pulmonary artery pres- 
sure in this condition.** 

The haemodynamic features in the three groups 
reflected the nature of the disease course and out- 
come (Table 3). The patients of group II were cath- 
eterised later in their course than those of group I 


Rozkovec, Montanes, Oakley 


(Table 3) and their catheter findings indicated more 
advanced disease. Nevertheless, pulmonary arte- 
riolar resistance was less in patients surviving >5 
years from presentation. Pulmonary arteriolar 
resistance was inversely related to cardiac output, in 
keeping with the effects of increased afterload on 
right ventricular function,*33* and pulmonary 
artery pressure was not significantly different in the 
three groups. This ‘has been the usual finding 
because most patients are not catheterised before an 
advanced stage of their disease is reached.® In the 
few with less advanced disease, pulmonary artery 
pressure increased with time (Fig. 2). Mean right 
atrial pressure and right ventricular filling pressure, 
indices of right ventricular preload, were lower in 
those who improved than in those who died within 
five years. There was no difference between groups I 
and II, perhaps because of the diuretics used to treat 
patients with overt heart failure. Furthermore, hae- 
modynamic measurements are known to be labile in 
this conditian, and presumably reflect spontaneous 
variation in pulmonary vascular tone and right ven- 
tricular function.*> In the group as a whole, 
increased right ventricular afterload, a low cardiac 
output, and raised right ventricular filling pressure 
were of most significance in predicting a poor out- 
come. As expected the level of pulmonary artery 
pressure was unrelated to outcome. 

Little attention has been paid to the systemic 
circulation in this condition. The lower the cardiac 
output the higher the systemic resistance. No 
important pathological changes are seen in the 
resistance vessels of the systemic circulation in pri- 
mary pulmonary hypertension. Selective vaso- 
dilatation of the pulmonary circulation is accom- 
panied by a fall in systemic resistance as cardiac 
output rises.* 3? It follows that the systemic changes 
are secondary to those in the lung vascular bed. The 
compensatory changes in systemic resistance with 
alteration in cardiac output serve to maintain a con- 
stant blood pressure, as in other physiological set- 
tings. Not surprisingly, systemic and pulmonary 
arteriolar resistance were closely and directly related 
(Fig. 1). 

On average, left ventricular filling pressure was 
highest in patients in group I and lowest in group 
III. The greater the restriction in venous return to 
the left heert, the lower the expected left atrial pres- 
sure. The fact that the opposite was seen in this 
study may reflect the decreased compliance of the 
left ventricle in chronic pulmonary hypertension,*® 
or, more likely, the difficulty in obtaining an accu- 
rate wedged pressure. Decreased compliance may be 
secondary to the influence of the hypertrophied 
right ventricle on left ventricular shape and on the 
mobility of the ventricular septum.?° °° It is unlikely 
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that there is important systolic dysfunction?’ since 
left ventricular filling pressure is not raised and a 
rise in cardiac output follows the use of a pulmonary 
vasodilator without a change in filling pressure.’ 37 
All three patients who had repeat catheterisation 
after deterioration showed the expected rise in pul- 
monary arteriolar resistance and fall in cardiac 
output.838 Pulmonary artery pressure rose only 
slightly (Fig.2). The opposite pattern of hae- 
modynamic changes was seen in the three patients 
in whom symptoms remitted (Fig.3). The 
improvement appears to have been independent of 
initial severity and presentation in right heart 
failure. The prenylamine and oxygen may have 
influenced disease progression in case 4. 
Epoprostenol (prostacyclin) was used in one patient 
(case 1) as part of a separate study.°° This naturally 
occurring agent can reverse vasoconstriction and 
prevent platelet deposition and release within the 
lung bed.*074? One report of long term 
improvement with continuous epoprostenol 
infusion,*? does not, however, establish that it is 
more useful than other pulmonary vasodilators, 
which can also produce long term benefit.+~*° 
Spontaneous regression of pulmonary hypertension 
in three of our patients suggests that vasolidators, by 
lowering pulmonary vascular resistance before lung 
damige is too advanced and pulmonary reactivity is 
lost,*” 48 may reduce pulmonary artery pressure, 
thereby preventing further deterioration.*? Simi- 
larly, regression may have occurred in the patient 
(case 2) in whom pulmonary artery pressure fell as 
right heart failure occurred. It is more usual for his- 
tological changes to advance as lung blood flow falls 
since this reduction is normally a consequence of 
right heart failure as pulmonary resistance continues 
to rse.'? Only Heath grade 1 changes were seen at 
necropsy. Assuming the lung histology was repre- 
sentative,?® the two patients with grade 3 changes 
also had potentially reversible disease.>° As we have 
seen, spontaneous regression occurs, although up to 
now there have been only four reported cases,° 8 1” 
one of which is in this series.!° It seems that pul- 
monary vascular changes may not always be irre- 
versible even in patients who have clinically 
advanced disease. Improvement in the clinical state 
or a fall in pulmonary artery pressure, by whatever 
means, cannot be equated with regression of patho- 
logical changes. This is seen in the fatal case recently 
reported of a child who died from severe primary 
pulmonary hypertension but who at necropsy had 
only relatively muld histological changes in the lung 
vessels.°! In pulmonary hypertension secondary to 
anorectics, regression is more frequent,*® and the 
prognosis is better. This is presumably because the 
onset is recent and the cause is known and 
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removable and this may also apply to patients who 
present with the disease in pregnancy. 

Factors linked to survival were sought. The pres- 
ence of another member of the family with primary 
pulmonary hypertension did not predict outcome. 
There were only two such patients, however, and a 
systematic search of the families of other probands 
might have showed more. Familial primary pul- 
monary hypertension is generally considered to be 
inherited as an autosomal dominant trait with vary- 
ing penetrance.” ?? Although all three patients with 
connective tissue disease survived less than five 
years, the outcome in these patients was not 
significantly worse. Death from right heart failure 
secondary to pulmonary hypertension occurred a 
considerable time after the appearance of the initial 
symptoms, s 

Connective tissue disease is closely linked with 
Raynaud’s phenomenon, and both are associated 
with primary pulmonary hypertension,” 1! +? There 
are several ways by which these entities are inter- 
connected. Firstly, all are more frequent in females. 
Secondly, in Raynaud’s disease and Raynaud’s phe- 
nomenon the lungs and the extremities are affected. 
Cold stimulation can cause a reduction in the size of 
the pulmonary capillary bed in patients with Ray- 
naud’s disease and early Raynaud’s phenomenon.*” 
The likely mechanism of this change is precapillary 
vasoconstriction,°* and implies a generalised mech- 
anism for progressive vascular damage. In sclero- 
derma there is a histological basis for this in that 
similar changes develop in both digital and pul- 
monary arteries.°> It is not known if patients with 
Raynaud’s disease ever develop primary pulmonary 
hypertension. Lastly, the lupus anticoagulant, 
which is associated with an increased risk of sponta- 
neous thrombosis,‘ is found in some systemic lupus 
patients with apparently non-embolic pulmonary 
hypertension.** 

Because all patients received anticoagulants their 
role in primary pulmonary hypertension could not 
be assessed. Recurring small pulmonary throm- 
boemboli, undetected until histology is obtained, are 
thought by some to contribute to the deterioration 
seen in patients with primary pulmonary hyper- 
tension.”” This is far from certain.” Patients might 
benefit from the prevention of both thrombosis in 
situ and secondary emboli. Outcome may be 
improved by the use of anticoagulants.2” Anti- 
platelet and fibrinolytic agents were not used in our 
series. Disturbance of fibrinolytic®® 57 and platelet 
function?®~®! can occur in pulmonary hypertension 
although the changes may be secondary rather than 
primary. Nevertheless, such agents could be of 
benefit, and particularly so in pulmonary hyper- 
tension associated with oral contraception!* ® and 
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pregnancy.®? 

Pregnancy at diagnosis seemed to be a favourable 
prognostic factor. None of the five patients died dur- 
ing a total of eight pregnancies but three of these 
took place before the onset of symptoms and there 
was only one further pregnancy after diagnosis. The 
reported mortality of pregnancy in women with pri- 
mary pulmonary hypertension is near 50% !5 64 with 
a subsequent mean survival of less than five years. '5 
Our cases presented in late pregnancy or after deliv- 
ery, and reflected the increased load put on the right 
ventricle at this time. One of the five patients had a 
patent foramen ovale. She presented during preg- 
nancy but miscarried. Radiography in childhood 
showed that she had had pulmonary hypertension at 
least from the age of 12 years. A patent foramen 
ovale, by permitting right ventricular unloading, 
may have accounted for her survival.®* The favour- 
able outcome for the pregnant group was in part 
because of spontaneous improvement in two (cases 3 
and 4). Prolonged survival after presentation (Table 
5) might reflect the onset of symptoms earlier in the 
disease because of the stress of pregnancy or because 
of some element of reversibility after pregnancy, if 
this event had accelerated a vasoconstrictive process. 

A patent foramen ovale was associated with longer 
survival. This is in keeping with the better life 
expectancy of patients with pulmonary hypertension 
associated with atrial septal defect than with primary 
pulmonary hypertension.°* Such a shunt, by 
operating at times of increased demand, permits 
adequate left ventricular filling and prevents sudden 
death.? !° In the absence of a shunt, exercise and 
systemic vasodilatation may be associated with 
hypotension and syncope.®® The main mechanism 
for this appears to be inability of the right ventricle 
to increase its output, perhaps aided by ischaemia 
secondary to lowered coronary perfusion and 
increased resistance to right ventricular sub- 
endocardial flow.°7~® Sudden death frequently 
occurs in primary pulmonary hypertension and usu- 
ally in the setting of underlying chronic heart fail- 
ure.® Surgical creation of an acute shunt by atrial 
septostomy in a patient with primary pulmonary 
hypertension was, however, unsuccessful due to the 
sudden demand put on the left ventricle in the 
immediate postoperative period.”° 

In conclusion, primary pulmonary hypertension 
is a heterogeneous disease that often has a better out- 
come than expected. Prognosis is largely determined 
by the integrity of the right ventricle. A patent for- 
amen ovale may ameliorate the effect of increased 
afterload on right ventricular function. Patients in 
whom the onset of the disease is associated with 
pregnancy survived longest. Spontaneous regression 
was more frequent than previously reported and this 
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suggests that early diagnosis and pharmacological 
treatment of primary pulmonary hypertension may 
be successful in some patients if the disease is 
detected early. Methods for such detection and a 
better understanding of the pathophysiology of the 
disease are needed. 


We thank Mr M Casebow for statistical assistance. 
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Percutaneous transluminal balloon angioplasty in 
restenosis of coarctation of the aorta 
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SUMMARY Percutaneous transluminal balloon angioplasty was performed in five children with 
coarctation restenosis. After angioplasty the pressure gradient had decreased considerably in four 
patients. In all patients aortography showed an increase in the diameter of the lumen at the site 
of the restenosis. All patients were normotensive the day after angioplasty. There were no compli- 


cations during or after the procedure. 


Surgical repair of aortic coarctation has become a 
safe and successful procedure.' Despite the use of 
newer techniques such as patch angioplasty, and the 
subclavian flap procedure, however, there is still a 
considerable incidence of coarctation restenosis, 
especially when operation has been performed in 
infancy.*? Reoperation in these patients is associ- 
ated with a higher morbidity and mortality and with 
less adequate relief than primary coarctation repair.* 
Recently, percutaneous transluminal angioplasty 
has been shown to be a promising treatment for 
coarctation restenosis.’ 7 

We present the results of percutaneous trans- 
luminal angioplasty for coarctation restenosis in five 
children who had had different types of primary 
surgical repair. 


Patients and methods 


Five patients, aged 1-5 to 14-3 years (mean 8-2 years) 
underwent cardiac catheterisation and subsequent 
percutaneous transluminal angioplasty because of 
systemic hypertension due to coarctation restenosis. 
Three patients had had primary coarctation repair 
by means of resection and end to end anastomosis, 
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one by a subclavian artery flap procedure, and one 
by end to side anastomosis of the left subclavian 
artery on the descending aorta because of the local 
anatomical situation. The ages at primary repair 
ranged from 3 days to 6-2 years (mean 1-7 years). In 
four children angioplasty was performed under gen- 
eral anaesthesia. 

The pressure gradients across the restenosis were 
measured and the cardiac indices were calculated 
from dye dilution curves before and 20 minutes after 
angioplasty. Percutaneous transluminal! angioplasty 
was performed with Meditech balloon dilatation 
catheters. The diameters of the balloons that were 
used ranged from 8mm to 18mm and the size was 
selected according to the coarctation diameter (mea- 
sured at aortography) multiplied by 2-5. The balloon 
diameter never exceeded 1-2 x the diameter of the 
descending aorta. The dilatation catheter was posi- 
tioned at the site of the restenosis over a guide wire 
the tip of which was advanced into the ascending 
aorta. Under continuous fluoroscopy the balloon 
was inflated to pressures of 4atm with a 3:1 dilution 
of contrast medium. 

This procedure was carried out three times. Each 
inflation lasted for about 10 seconds. After angio- 
plasty the balloon catheter was withdrawn, and the 
tip of the guide wire was kept in the ascending aorta. 
A multipurpose catheter was then carefully intro- 
duced over the guide wire to the ascending aorta. 
This catheter was used for repeated aortography, 
pressure measurements, and dye sampling for calcu- 
lation of the cardiac indices. 


459 


460 


Fig. 1 
subclavian flap operation had been performed. There is a considerable increase of the diameter of the restenosis after 
angioplasty. 


Results 
There were no complications during or after the 
procedure. In three patients the balloon ruptured, 


but this caused no noticeable reaction. 
Before angioplasty the systolic pressure gradients 
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Fig.2 Pressure withdrawal curve from the ascending to the 
descending aorta in the same patient before (a) and after (b) 
percutaneous transluminal balloon angioplasty. 
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Aortography before (a) and after (b) percutaneous transluminal balloon angioplasty in a patient in whom a 


across the coarctation restenosis ranged from 15 to 
49mm Hg (mean 27 mm Hg.) The cardiac indices 
ranged from 24 to 36l/min/m? (mean 
3-11/min/m?). At aortography four patients had a 
circumscribed restenosis and one had a tubular nar- 
rowing. This patient had the smallest pressure gra- 
dient. 

After percutaneous transluminal balloon angio- 
plasty the systolic pressure gradients had decreased 
in four patients (range 5 to 21mmHg, mean 
12-2 mm Hg). At aortography there was an increase 
of the lumen diameters of the restenosis in all 
patients that ranged from 25%, to 89%, (mean 70%) 
of the diameters before angioplasty. In the patient 
with tubular narrowing angioplasty did not reduce 
the pressure gradient. Yet the angiographic appear- 
ance of this segment indicated an increase in 
diameter. The cardiac index after angioplasty 
ranged from 40 to 4-51/min/m? (mean 
4:21/min /m?). 

All patients were normotensive the day after 
angioplasty. 


Discussion 


Our data indicate that percutaneous transluminal 
angioplasty for coarctation restenosis improved all 
five patients. In all patients there was a substantial 
increase of the coarctation diameter; in four this was 
associated with a considerable decrease in the press- 
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ure gradient. According to the criteria of Lock et al 
(that is the combination of a 30%, or larger increase 
in the diameter at the restenosis and a greater than 
50% fall in the gradient after dilatation) per- 
cutaneous transluminal angioplasty was successful 
in these four patients, and the clinical response was 
good. The fall in the gradient is an important deter- 
minant of the blood flow across the coarctation. All 
patients had a pronounced increase of the cardiac 
index after angioplasty, and this masks the result to 
a certain extent. The effect probably explains the 
apparently poor result in the patient with the tubular 
stenosis. This patient, however, had had upper body 
hypertension for a long time and was normotensive 
the day after angioplasty. 

Percutaneous transluminal angioplasty has been 
accepted as an alternative to operation. It is a safe 
procedure for pulmonary valve stenosis with results 
that are comparable to surgery.* ~ 1° The success rate 
in pulmonary branch stenosis is only 50% but 
angioplasty should be considered in patients in 
whom operation is not feasible because of the local- 
isation and multiplicity of lesions.!!~ !? 

Valvar aortic stenosis in some cases has been 
reported to be amenable to angioplasty; however, 
no definite conclusions can yet be drawn about its 
possible advantages over surgical intervention.’ 
Although the short term benefits of angioplasty for 
primary aortic coarctation are known, there is con- 
cern about the long term follow up." ’ '* The efficacy 
of percutaneous transluminal angioplasty depends 
upon disruption of intima and part of the media of 
the vessel.'* This may result in areas of medial thin- 
ning. The formation of associated aneurysms has not 
been described but these might develop later in 
life.'* In the case of coarctation restenosis the pres- 
ence of scar tissue should reduce or even prevent the 
occurrence of this complication. There has been a 
report of one death after percutaneous transluminal 
angioplasty for coarctation restenosis; however, this 
was not related to disruption of the vessel.® 
Although follow up studies are needed to evaluate 
the long term results of percutaneous transluminal 
angioplasty for coarctation restenosis, the procedure 
seems to offer a relative safe and effective alternative 
to reoperation that may be used after all types of 
primary surgical repair. 


References 


l Lezberg DB, Hardesty RL, Siewers RD, srai 
Coarctation of the aorta in infants and children: 25 
years of experience. Ann Thorac Surg 1982; 33: 159-62 

2 Hartmann AF Jr, Golding D, Hernandez A, et al 
Reccurent coarctation of the aorta after successfu! 
repair in infancy. Am F Cardiol 1970; 25: 405~10. 

3 Hesslein PS, McNamara DG, Morries MJH, Hallman 
GL, Cooley DA. Comparison of resection versus patch 
aortoplasty for repair of coarctation of aorta in infants 
and children. Circulation 1981; 64: 164-8. 

4 Pollack P, Freed MD, Castaneda AR, Norwood WI. 

Reoperation for isthmic coarctation of the aorta: follow- 

up of 26 patients. Am F Cardiol 1983; $1: 1690-4. 

Lock JE, Bass JL, Amplatz K, Fuhrman BP, 

Castaneda-Zuniga W. Balloon dilation angioplasty of 

aortic coarctations in infants and children. Crreulation 

1983; 68: 109-16. 

6 Kan JS, White RI, Mitchell SE, Farmlete EJ, Donahoo 

JS, Gardner TJ. Treatment of restenosis of coarctation 

by percutaneous transluminal angioplasty. Circulation 

1983; 68: 1087-94. 

Lababidi ZA, Daskalopoulos DA, Stoeckle H. Trans- 

luminal balloon coarctation angioplasty: experience 

with 27 patients. Am 7 Cardiol 1984; $4; 1288-91. 

Kan JS, White RI, Mitchell SE, Anderson JH, 

Gardner TJ. Percutaneous transluminal! balloon valvu- 

loplasty for pulmonary valve stenosis. Circulation 1984; 

69: 554-60. 

Walls JT, Lababidi Z, Curtis JJ, Silver D., Assessment 

of percutaneous balloon pulmonary and aortic valvu- 

loplasty. ¥ Thorac Cardiovasc Surg 1984; 88: 352-4. 

10 Miller GAH. Balloon valvuloplasty and angioplasty in 
congenital heart disease. Br Heart F 1985; $4: 285-9. 

11 Lock JE, Castaneda-Zuniga WR, Fuhrman BP, Bass 
JL. Balloon dilation angioplasty of hypoplastic and 
stenotic pulmonary arteries. Circulation 1983; 67: 
962-7. 

12 Rocchini AP, Kveselis D, MacDonald D, Crowdey D, 
Snider AR, Rosenthal A. Use of balloon angioplasty to 
treat peripheral pulmonary stenosis. Am f Cardiol 
1984; 54: 1069-73. 

13 Finley JP, Beaulieu RG, Nanton MA, Roy DL. Bal- 
loon catheter dilatation of coarctation of the aorta in 
young infants. Br Heart F 1983; 50: 411-5. 

14 Lock JE, Niemi T, Einzig S, Amplatz K, Burke B, Bass 
JL. Transvenous angioplasty of experimental branch 
pulmonary artery stenosis in newborn lambs. Circu- 
lation 1981; 64: 886-93, 

15 Lock JE. Now we can dilate, should we? Am Y Cardiol 
1984; 54: 1360. 


vi 





~J 


æ 


© 





Br Heart F 1986; 55: 462-8 


Ambulatory blood pressure and assessment of 
pacemaker function 
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SUMMARY Ten patients in sinus rhythm with ventricular demand (VVI) pacemakers implanted 
for the sick sinus syndrome underwent 24 hour ambulatory blood pressure and electro- 
cardiographic recording by a modified version of the Oxford system. Five patients had symptoms 
of dizziness or presyncope at the time of study and five were symptom free. The onset of pacing 
was associated with a fall in arterial blood pressure in both groups which was larger in the patients 
with symptoms, and in these patients the blood pressure recovery consequent on baroreflex 
activation was delayed by up to fifteen beats. In three of the patients with symptoms the original 
pacemaker was replaced by an atrioventricular pacing (DVI) device. This abolished symptoms 
and the initial fall and delayed recovery of blood pressure. Thus it appears that the development 
of symptoms of hypotension after the onset of ventricular pacing is determined by the rate of the 
baroreflex response. These symptoms and the haemodynamic consequences may be alleviated by 


dual chamber pacing. 


A patient’s electrocardiographic response to an 
implanted pacemaker is usually assessed in the out- 
patient clinic where the rate, pulse width, and other 
variables of the stimulus artefact are analysed at 
periodic intervals. Ambulatory electrocardiography 
has become an accepted additional method for the 
assessment of pacemaker function. ? Recent devel- 
opments in Holter monitoring have facilitated rec- 
ognition of the pacing stimulus artefact by detecting 
it separately and recording a marker pulse alongside 
the electrocardiogram on a two channel recorder.” ° 
Such ambulatory recordings have proved valuable in 
various situations, such as detecting failure to cap- 
ture, failure to sense, and myopotential inhibition. 
Some patients, however, have symptoms despite 
pacemaker function which is electrocardio- 
graphically normal. It has been suggested that these 
can be alleviated in patients with carotid sinus 
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hypersensitivity by the implantation of an atrio- 
ventricular sequential (DVI) pacemaker.* Alicandri 
etal investigated three patients with symptoms of 
near syncope after ventricular pacing, and demon- 
strated hypotension after the onset of pacing. 
Although these studies provided much useful infor- 
mation they were limited to the laboratory setting. 

We have used the Oxford system for recording 
direct arterial pressure in ambulant subjects to study 
a group of patients in sinus rhythm paced for sick 
sinus syndrome with ventricular demand (VVI) 
pacemakers. Several patients had symptoms during 
our study; in three of these the original pacemaker 
was later replaced by a DVI device and a second 
study was performed. 

We examined whether there was any systematic 
difference in the effects of pacing on blood pressure 
between those patients who complained of symp- 
toms and those who did not. We particularly wished 
to observe the time course of any changes in blood 
pressure that might accompany the onset of pacing, 
and the compensatory response of the circulatory 
system. Ambulatory monitoring affords an ideal 
opportunity to study these effects quantitatively 
because many episodes containing the onset of 
pacing may be obtained from each patient. 
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Fig. 1 Distribution of the selected episodes of the onset of pacing throughout 24 hours. 


Patients and methods 


Thirteen patients were recruited for this study and 
eighteen 24 hour recordings were performed. Data 
of adequate technical quality for analysis were 
obtained from ten patients in a total of thirteen 24 
hour recordings. The patients gave their informed 
consent in writing and the study was approved by 
the hospital ethical committee. We studied only 
patients in whom sick sinus syndrome had been 
diagnosed before pacemaker implantation. None 
was taking any cardioactive drugs at the time of the 
study and none was in atrial fibrillation. In all of 
them a 24 hour ambulatory electrocardiographic 
recording was performed before the study to detect 
any evidence of electrical pacemaker malfunction. 
Ambulatory recordings of direct arterial blood 
pressure and electrocardiogram were obtained with 
a modified Oxford. Medical Systems Medilog MKI 





Recorder. The technique for ambulatory recording 
of direct arterial blood pressure has been described." 
After insertion of a brachial artery cannula, patients 
were allowed to be fully ambulant; they returned to 
the hospital every 12 hours for equipment checks 
and were asked to keep a diary of any symptoms that 
they experienced during the recording period. Four 
patients had symptoms of light headedness or pre- 
syncope during their first 24 hour recording. In 
three of these patients the original pacemaker was 
replaced by a DVI device and a second period of 24 
hour recording was performed. 


RECORDING EQUIPMENT 

The standard Oxford Medilog electrocardiogram 
recorder does not register pacemaker signals accu- 
rately because of its limited high frequency capabil- 
ity. To distinguish reliably between paced and 
unpaced beats a pacing spike detector (Reynolds 
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Fig. 2 Direct arterial blood pressure measurement, electrocardiogram, and pacing 
spike detector during the onset of VVI pacing in a patient without symptoms. 
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Medical Electronics) was installed in the recorder. 
This module sensed the pacing activity in a surface 
electrocardiogram from an extra pair of electrodes 
that were positioned to maximise the spike ampli- 
tude while minimising other electrocardiogram 
components. The sensing electrode was usually 
placed over the V1 position and the reference elec- 
trode over the implanted pacemaker. The pacing 
spike detector module converted each spike into a 
pulse of 250 ms duration which was recorded on tape 
track 2 alongside the normal electrocardiogram on 
track 1.° An alternative version of this technique in 
which the same electrode pair was used for both 
electrocardiogram and pacemaker recording has 
been described elsewhere.’ 


TAPE ANALYSIS 

The tapes were replayed at 25 times the recorded 
speed into a hybrid computing system® that was 
slightly modified for pacemaker spike detection. The 
continuous blood pressure and pulse interval were 
extracted for each cardiac cycle. Track 2 of the tape 
was simultaneously scanned for paced beats. Each 
tape was first replayed in full to produce a trend 
chart of every paced beat in the 24 hours, From the 
trend chart an observer (HP) selected all episodes 
containing at least 20 beats of sinus rhythm followed 
by at least 20 beats of continuous pacing. At this 
stage she did not know which patients had symp- 
toms. The episodes selected were then processed by 
the computer. A total of 100 episodes were analysed. 
Fig. 1 shows the distribution of these episodes 
throughout each 24 hours. 

For each episode in which sinus rhythm changed 
to continuous pacing the beat by beat blood pressure 
and pulse interval values were printed out together 
with a marker indicating whether beats were paced 
or not. The signal timing was such that for each 
paced beat detected the corresponding printout 
showed the systolic pressure which occurred imme- 
diately after the pacing spike, the diastolic pressure 
which followed this systolic value, and the interval 
between this diastolic minimum and the preceding 
diastolic minimum. The same timing convention 
was used for unpaced beats. For these the R wave 
was used as the fiducial marker. For each episode, 
the printed results were checked by reference to a 
photographic chart writeout of the blood pressure, 
electrocardiogram, and pacing spike detector pulses 
(Fig. 2). 


STATISTICAL METHODS 
The 72 episodes initially selected during VVI pacing 
were divided into two groups: those from the 


the symptom free patients (32 episodes). The 


4 


pipis with symptoms (40 episodes) and those 
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length of the episodes varied from 40 to 80 cardiac 
cycles; beats were numbered negatively and posi- 
tively about the onset of pacing (defined as beat 
zero). 

The data were first analysed in terms of absolute 
values of blood pressure before, at the onset of 
pacing and 5, 10, and 15 beats after pacing. The 
individual blood pressure responses, and the mean 
changes in blood pressure during this period were 
then considered. Although this method of analysis 
provided some insight into the behaviour of blood 
pressure in response to pacing the wide individual 
variation in responses produced a smoothing effect 
in which the time course of the response was not 
apparent. 

We therefore performed a further statistical 
analysis of each of the 72 episodes in which the beat 
by beat blood pressure was searched for significant 
rises or falls by regressing blood pressure on beat 
number within a window eleven points in length that 
could be moved along the entire length of the epi- 
sode. At each position of the window the best fit was 
determined; a significant fall in blood pressure 
(blood pressure increase followed by decrease) was 
considered to be present if the regression yielded a 
negative quadratic component with a t statistic 
greater than 2 (or equivalently an F statistic greater 
than 4). Similarly a significant rise in blood pressure 
(blood pressure decrease followed by increase) was 
said to have occurred if the regression yielded a 
significant positive quadratic component. If either 
type of response was found, the position of the mid- 
point of the window was noted. The window was 
then moved one beat to the right and the next 
regression was performed. By this means, the posi- 
tion of any significant peaks or troughs in the sys- 
tolic data sequence could be determined relative to 
the onset of pacing, irrespective of the actual 
pressure values or heart rates. The results from all 
72 episodes were then grouped for patients with and 
without symptoms. The rises and falls in blood pres- 
sure were plotted separately and for each of these 
four subgroups the observed and expected numbers 
of significant responses were compared by a x? test. 
When we calculated the expected distribution of 
responses we took into account the differing lengths 
of the raw data episodes. Therefore, for each posi- 
tion relative to the onset of pacing, the expected 
number of positive responses was evaluated as the 
total positive responses at all positions multiplied by 
the proportion of episodes containing valid data at 
the current position. The expected distribution of 
negative responses was similarly calculated. 

We also compared (x? test) the number of 
significant rises and falls in blood pressure in the 
patients with symptoms and those without. In three 
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Table Ckrical data in 10 patients 








Patient No Age Sex Pacemaker type Tima since implant Symptoms 
i* 60 M CPI Microhth 2yr Presyncope 
2(a)* 67 F CPI Microlith 3yr Presyncope 

(b) DVI Medtronic 2 mnath Nil 
3 69 M CPI Microlith 2 math Nil 
4 71 M 3 math Nil 
5(a)* 70 M CPI Macrolith lyr Presyocope 
(b) DVI Cyberlith 2 moth Nil 
6 72 M CPI Macrolith 3 yr Nil 
7 55 M CPI Microlith 4 mnth Nil 
8 ise 68 M CPI Microlith 6 mnth Presyncope 
) DVI Microlith 2 Nu 
9 72 M Unilith 5yr Nil 
10* 58 M CPI Microlith 6 moth Presyncope 
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Fig.3 Individual changes m blood pressure during each of the selected episodes in patients mth symptoms 
(a) and in those without (b). 
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Fig.4 Effects of VVI pacing on systolic blood pressure in 
five patients unth symptoms. The number of episodes expected 
(see text) is wndicated by the broken line. *p< 0-05; 

**D < 0-01; **p < 0-001. 


patients results before (27 episodes) and after (28 


episodes) replacement of their VVI pacemaker with. 


a DVI device were also compared. 


Results 

Five recordings were excluded from the analysis, 
two because of pump artefact, one because of only 
very short episodes of sinus rhythm, and two 
because the pacemaker detector failed to trigger. 
Figure 1 shows the distribution of the selected epi- 
sodes throughout the 24 hours; there was an increase 
at 24.00 hours, presumably associated with retiring 
to bed. 

The Table shows the clinical data for the ten 
patients. Of the two patients who had symptoms at 
the time of the first study and who were not re- 
studied, one had episodes of hypoglycaemia which 
were thought to be responsible for his symptoms 
and one declined a change of pacemaker. The indi- 
vidual changes in blood pressure during each of the 
selected episodes were plotted for patients with 
symptoms and for those without (Fig. 3). The mean 
fall in blood pressure was 40 (21)mm Hg ın those 
with symptoms and 18 (15) mm Hg in those without 
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Fig.5 Effects of VVI pacing on systolic blood pressure in 
five symptom free patients. The number of episodes expected 
is indicated Ey the broken line. *p<0-05; **p < 0-01; 
wey < 0-001. 
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symptoms (p<0-001). Figure 4 shows the effect of 
pacing on systolic blood pressure in patients with 
symptoms, and Fig.5 results in patients without 
symptoms. Pacing induced a fall in blood pressure in 
both groups. This was followed by a compensatory 
rise after five beats. Patients with symptoms, how- 
ever, had a considerable number of delayed compen- 
gatory responses, unlike those without symptoms. A 
direct statistical comparison showed that there were 
significantly fewer rises and falls in blood pressure in 
the symptom free patients and significantly more in 
those with symptoms (p<0-001). 

Figure 6 shows the response of systolic blood 
pressure during VVI pacing in three of the patients 
with symptoms. The pattern of response (a fall fol- 
lowed by two different rates of recovery) was main- 
tained in this group. After the original pacemaker 
was replaced by a DVI device both the fall in blood 
pressure at the onset of pacing and the subsequent 
compensatory rise were abolished (Fig. 6), as were 
the patients’ symptoms. In both groups, with and 
without symptoms, a similar, although less pro- 
nounced, response was seen in diastolic blood 
pressure. 
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Fig.6 (a) Effects of VVI pacing on systolic blood pressure in three patients with symptoms. (b) Effect in same patients after 
substitution of a DVI pacemaker The number of episodes expected is indicated by the broken line. *p <0 05; **p < 0-01; 


ween < 0-001. 
Discussion 


The pacemaker syndrome or pacemaker effect, with 
the development of hypotension after the onset of 
ventricular pacing, is well recognised; however, its 
incidence and importance is disputed. Cohen et al 
recently suggested that atrial transport was of clini- 
cal importance in 19 (7:3%) of 260 consecutive 
patients undergoing implantation of a permanent 
pacemaker.? Their patients developed symptoms 
ranging from dizziness and syncope to congestive 
heart failure and shock. Alicandri etal have sug- 
gested that the level of arterial blood pressure during 
VVI pacing is determined by two opposing reflexes, 
the baroreflex which attempts to compensate for a 
reduction in cardiac output, and an atrial distension 
reflex that leads to a reduction in peripheral vascular 
resistance. 

Using the technique of ambulatory monitoring 
and selecting only patients with underlying sinus 
rhythm, we obtained a large number of episodes of a 
change from sinus to paced rhythm for further 
study. Analysis of the time course of the blood pres- 
sure response confirmed that the onset of ventricular 
pacing produced a fall in blood pressure in all 


patients. In patients with symptoms, however, two 
types of recovery pattern were seen with recovery 
delayed by fifteen beats (+ 13 seconds) during some 
episodes. These findings suggest that as well as the 
fall in blood pressure it is the duration of hypo- 
tension induced by an impaired baroreflex response 
which is important in the development of symp- 
toms. 

Two of the three patients who complained of 
symptoms experienced dizzy spells during their first 
24 hour recording. The patients’ diaries were not 
considered sufficiently accurate to relate symptoms 
to specific haemodynamic events. Separate analysis 
of the blood pressure responses during VVI pacing 
in the three patients with symptoms in whom the 
original pacemaker was later replaced showed an 
identical pattern of recovery. These findings imply 
that both types of recovery (immediate or delayed) 
may occur in an individual patient, depending on the 
circumstances at the time of onset of pacing. The 
benefit of implanting an atrial electrode and DVI 
generator in these three patients was clearly demon- 
strated. Their symptoms were alleviated, and 
analysis- of the blood pressure response during 
pacing showed that the initial fall in blood pressure, 
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and hence the need for baroreflex activation, was 
abolished. 

It is possible that the time course of the recovery 
in blood pressure is in part related to the rate at 
which atrioventricular desynchronisation occurs, 
and the duration of hypotension may be influenced 
by the rate at which atrioventricular synchrony is 
restored. The heart rates before the onset of pacing 
were similar in the two patient groups. 
Unfortunately the quality of electrocardiographic 
recording in most patients was inadequate for fur- 
ther analysis of atrioventricular synchronisation. 
Although it would be difficult to perform invasive 
haemodynamic studies in all patients complaining of 
presyncope after pacemaker implantations, the 
results of this study suggest that an impaired 
baroreflex response to a fall in cardiac output is of 
importance in determining the development of 
symptoms. This group of patients seems to benefit 
from the substitution of a dual chamber pacing 
device. 


We thank Professor C E Rossiter for advice and 
guidance on the statistical analysig procedures, and 
Dr M C Petch for his helpful comments during the 
preparation of this paper. 
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SUMMARY Two siblings with hypertrophic cardiomyopathy developed spontaneous complete 
heart block requiring permanent pacemaker implantation at similar ages (29 and 33 years). The 
clinical, morphological, and haemodynamic expressions of hypertrophic cardiomyopathy differed 
considerably in these two patients. The sister had severe functional limitation due to dyspnoea, 
pronounced and diffuse left ventricular hypertrophy (maximum ventricular septal thickness of 
41mm), and left ventricular outflow obstruction (peak subaortic gradient of 75mm Hg under 
basal conditions). In contrast the brother was symptom free, had only modest left ventricular 
hypertrophy which was confined to the anterior ventricular septum (maximal thickness of 
16mm), and had no echocardiographic evidence of subaortic obstruction. These dissimilar 
findings in siblings with hypertrophic cardiomyopathy suggest that the predisposition to develop 
complete heart block was probably genetically transmitted, although it was unrelated to the 
phenotypic and clinical expression of the disease. 


Hypertrophic cardiomyopathy is a primary myo- 
cardial disease, usually genetically transmitted as an 
autosomal] dominant trait.!~* This disease is charac- 
terised by great heterogeneity in the patterns of left 
ventricular hypertrophy* that are present even 
among closely related patients.* Complete heart 
block is rare in patients with hypertrophic cardio- 
myopathy, and its aetiology has not been defined. 
Sporadic examples, however, have been reported at 
all ages including those in a neonate in whom the 
abnormality was congenital® and in several young 
adults.’~!? Complete heart block that was appar- 
ently unrelated to acquired cardiac disease has also 
been reported in older adults!?~!® and ın elderly 
patients!?~?! with hypertrophic cardiomyopathy. 
Recently, we have evaluated a sister and brother 
with hypertrophic cardiomyopathy who both devel- 
oped complete heart block as young adults. We be- 
lieve that such an occurrence is particularly unusual 
and represents an opportunity to assess and discuss 
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the potential aetiology of complete heart block in 
this disease. Hence, the present report describes and 
compares the clinical and morphological features 
identified ın a sister and brother with hypertrophic 
cardiomyopathy and complete heart block. 


Case reports 


Sister—The sister had expemenced exertional dys- 
pnoea and fatigue attributed to hypertrophic cardio- 
myopathy for seven years and also had a history of 
mild systemic hypertension (165/100 mm Hg while 
off medications and normal blood pressure on alpha 
methyldopa (1 g per day) and propranolol (30 mg per 
day)). At initial evaluation at the National Institutes 
of Health, a grade 3/6 systolic ejection murmur 
which increased during the Valsalva manoeuvre was 
present at rest; the electrocardiogram showed nor- 
mal sinus rhythm (65 beats per minute) and left 
bundle branch block pattern. At cardiac cath- 
eterisation under basal conditions, pull-back record- 
ings from the left ventricular apex to the ascending 
aorta showed systolic pressures of 240 mm Hg in the 
distal left ventricular cavity and 165mm Hg in the 
outflow tract. A 75mmHg peak to peak systolic 
pressure gradient was apparently localised to the 
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Fig.l Blectrocardiogram confirming persistence of complete heart block (18 months after its onset) in the sister. At the left 
the tracing shows normal pacemaker function (atrial sensing and ventricular pacing unth 100% capture). Subsequently 
(arrow) the pacemaker output was programmed to subthreshold levels; this resulted in pacemaker spikes which failed to 
capture the ventricles and unmasked P maves which do not conduct to the ventricles. A seven second period of ventricular 
esystole ensued before the appearance of a ventricular escape beat (asterisk). 


mid-ventricular cavity level distal to the tips of the 
mitral valve leaflets (and not associated with systolic 
anterior motion of the mitral valve on angiogram 
or M mode echocardiogram); during the Valsalva 
manoeuvre the pressure gradient increased to 
120mm Hg. Left ventricular end diastolic pressure 
was 26mm Hg. 

Subsequently (at 33 years of age) the patient ex- 
perienced a prolonged episode of lightheadedness 
and was found to have a heart rate of 20 beats per 
minute. Electrocardiogram showed complete heart 
block with sinus P waves which failed to conduct to 
the ventricles and a slow idioventricular escape 
rhythm that was different from her previously 
identified left bundle branch block pattern. These 
electrocardiographic findings are consistent with an 
infranodal conduction block; however, in the ab- 
sence of intracardiac His potential recordings a 
higher level of block cannot be excluded. Serum 
electrolyte, calcium, and creatine kinase concen- 
trations were normal. 

Permanent pacing was started with a Cordis 233 F 
pacemaker. At follow up one and a half years later 
the electrocardiogram showed ventricular pacing 
with 100% capture; complete heart block was 
confirmed by programming the output of the pace- 
maker to subthreshold levels. This uncovered the 
sinus P waves that failed to conduct to the ventricles 


and resulted in a seven second period of ventricular 
asystole (Fig. 1). 

Brother—The brother had not been evaluated for 
cardiovascular disease before the onset of complete 
heart block. He was symptom free until the age of 29 
years when he fainted four times within a two week 
period. After the fourth episode of syncope he was 
found to have pronounced bradycardia (30 beats per 
minute). The electrocardiogram showed complete 
heart block. As in his sister’s case an infranodal level 
of block was indicated by the failure of sinus P waves 
to conduct to the ventricles and the presence of a 
slow idioventricular escape mechanism, though a 
more proximal level of block cannot be excluded. 
Serum electrolyte, calcium, and creatine kinase con- 
centrations were normal. 

Permanent pacing was started with an Inter- 
medics 253-04 pacemaker. At follow up two and a 
half years later the electrocardiogram showed ven- 
tricular pacing with 100% capture; complete heart 
block was confirmed by programming the rate of the 
pacemaker to 30 beats per minute. This uncovered 
sinus P waves which failed to conduct to the ven- 
tricles. 

On physical examination a grade 1/6 systolic ejec- 
tion murmur was heard along the left sternal border 
which did not change appreciably with the Valsalva 
manoeuvre; blood pressure was 150/90 mm Hg. The 





Table Echocardtographic findings m siblings with hypertrophic cardiomyopathy and complete heart block 
Variable Sister Brother 
Ventricular sep! thickness (mm) 41 (8-12)* 16 (8-11) 
Posterior free wall thickness (mm) 8 (8-11 9 (8-11) 
Septal to free wall ratio 39 (<1-3) 1-8 (< 1-3) 
Y, Systolic thickenmg of septum 0 (>30%) 25 (>30% 
LV end diastolic dimension (mm) 42 (42-53) 50 (41-52 
LV end systolic dimension (mm) 26 (25-36) 30 (24-3: 
%, Fractional shortenmg 38 (28-44% 40 (28-44%) 
V end diastolic dimension (mm) 18 (9-26) 21 (9-26) 
Left atrial dirnension (mm) 48 (30-44) 41 (30-43) 





*Normal values or range are shown in parentheses.77~?? 
LV, left ventricle; RV, right ventricle. 
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Stop frames of short axis echocardiograms obtained during diastole showing contrasting 


morphological features in the sister and brother. Each echocardiogram is accompanied by a schematic 
illustration (below). (a) Pronounced ventricular septal thickening and substantial hypertrophy in the 
contiguous anterolateral free wall in the sister. (b) Mild anterior ventricular septal thickening in the 
brother; other areas of the left ventricular wall are of normal thickness. FW, free wall; VS, ventricular 


septum. Calibration dots are 10 mm apart. 


absence of both an important heart murmur and of 
systolic anterior motion of the mitral valve on echo- 
cardiographic studies suggests the absence of a sub- 
aortic pressure gradient under basal conditions. The 
patient did not undergo cardiac catheterisation. 


Echocardiographic findings in siblings 

The M mode echocardiographic findings in the two 
siblings are compared in the Table. In each patient 
the left ventricle was not dilated and the pattern of 
left ventricular hypertrophy was asymmetric (ven- 
tricular septal to posterior free wall ratios were 3-9 in 
the sister and 1-8 in the brother). Cross sectional 
echocardiography showed the magnitude and distri- 
bution of hypertrophy to be markedly different in 


the siblings (Fig. 2). The sister had pronour 
diffuse hypertrophy affecting the entire ventr 
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Fig. 3 M mode echocardiogram at the mitral valve level obtained in the brother. The ventricular septum is slightly thickened 
whereas the posterior wall is of normal thickness, resulting in a septal to free wall ratio of 1:8. There is no systolic anterior 
motion of the mitral valve. MV, mitral valve; PW, posterior wall; RV, right ventricle; VS, ventricular septum. Calibration 


dots are 10 mm apart. 


siblings (Fig.4). Their mother (who is symptom 
free) showed an increased ventricular septal thick- 
ness of 20mm, left ventricular posterior free wall 






(51) 





(40) 


(34) (31) (28) (24) 


Fig.4 Family pedigree for the two siblings (arrows) with 
hypertrophic cardiomyopathy and complete heart block. 
Patient's ages (in years) at most recent follow up or at death 
are shown in parentheses. Solid symbols, sudden death 
presumed to be due to hypertrophic cardiomyopathy; 
half-filled symbols, alive with hypertrophic cardiomyopathy 
identified by echocardiography; stippled, alive with no 
evidence of hypertrophic cardiomyopathy on 
echocardiographic studies; clear symbols, individuals not 
studied with echocardiography; squares, males; circles, 
females. 


thickness of 10mm, and a septal to free wall thick- 
ness ratio of 2-0; the left ventricle was non-dilated 
and the end diastolic transverse dimension was 
42mm. Systolic anterior motion of the mitral valve 
was absent. She had no evidence of systemic hyper- 
tension or other cardiac diseases that could produce 
left ventricular hypertrophy. 

In addition the siblings’ maternal uncle and ma- 
ternal grandmother died suddenly at 28 and 38 years 
of age respectively. While we assume that these two 
relatives had hypertrophic cardiomyopathy, this di- 
agnosis could not be confirmed in either individual 
because neither clinical evaluation during life nor 
necropsy examination of the heart were performed. 


Discussion 


This report describes the unusual occurrence of 
spontaneous complete heart block in two youthful 
siblings with hypertrophic cardiomyopathy. Onset 
of heart block was accompanied in each patient 
by syncope or lightheadedness and pronounced 
bradycardia necessitating the implantation of a per- 
manent pacemaker. Neither patient had evidence of 
other cardiovascular abnormalities or metabolic 
alterations that could have been responsible for the 
development of complete heart block. While both 
siblings had a history of mild systemic hypertension, 
it is highly unlikely that this condition could have 
produced complete heart block in such youthful in- 
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dividuals. Propranolol, which was taken by the sis- 
ter, is not known to prolong the HV interval or 
produce infranodal heart block at usual therapeutic 
dosages.'* The mother of these two siblings with 
hypertrophic cardiomyopathy and complete heart 
block had no evidence of clinically overt connective 
tissue disease.?? 

The precise mechanism by which complete heart 
block occurred in our patients.has not been defined. 
Previous histopathological analyses of the conduc- 
tion system in two patients with hypertrophic car- 
diomyopathy and advanced conduction system 
disease (one with HV prolongation and split His po- 
tentials and the other with complete heart block) 
identified alterations of potential pathophysiological 
importance, including interstitial fibrosis or myo- 
cardial necrosis and abnormal small intramural 
coronary arteries with thickened walls and luminal 
narrowing.!? 23 

Whereas both our patients had hypertrophy 
affecting the basal septum in the region of the con- 
duction system, the magnitude of septal thickening 
did not appear to be an important aetiological factor 
in producing complete heart block. The sister had 
pronounced and diffuse left ventricular hypertrophy 
with substantial ventricular septal thickening (in ex- 
cess of 40mm); however, the brother showed only 
mild localised anterior septal thickening (of about 
15mm). Indeed, these patients illustrate the hetero- 
geneity and dissimilarity of patterns of left ventricu- 
lar hypertrophy that are characteristic of first degree 
relatives with hypertrophic cardiomyopathy.* 

Obstruction of the left ventricular outflow tract 
does not appear to be necessary for the spontaneous 
development of complete heart block in hyper- 
trophic cardiomyopathy. The sister had a pro- 
nounced intraventricular pressure gradient at rest 
which appeared to be confined to the mid-cavity re- 
gion of the left ventricle and was not associated with 
mitral systolic anterior motion,’*+ while the brother 
(who did not undergo cardiac catheterisation) had 
no echocardiographic evidence of basal subaortic 
obstruction. 

The sister had had complete left bundle branch 
block pattern on electrocardiogram for at least six 
years before the occurrence of complete heart block. 
It is tempting to speculate!® that her left bundle 
branch block was indicative of pre-existing disease 
of the conduction system and was a forerunner of the 
subsequent complete heart block. 

The dissimilar clinical, morphological, and hae- 
modynamic expressions of hypertrophic cardio- 
myopathy in our two siblings suggest that the 
predisposition to develop complete heart block was 
genetically transmitted but was largely unrelated to 
the phenotypic and clinical expression of the disease. 
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Abnormalities of the mitral valve in congenitally 
corrected transposition (discordant atrioventricular 
and ventriculoarterial connections) 


LEON M GERLIS, NEIL WILSON, DAVID F DICKINSON 


From Killingbeck Hospital, Leeds 


SUMMARY Abnormalities of the mitral valve were found in 16 (55%) of 29 necropsy specimens 
of hearts with congenitally corrected transposition of the great arteries (discordant atrio- 
ventricular and ventriculoarterial connections). These abnormalities were most commonly of 
cusp number (21%) and tension apparatus (21%). Dysplasia of the valve was less common (10%), 
and other abnormalities identified included common valve, stenosis, and cleft valve. Some of the 
cases showed more than one morphological abnormality. The median age at death in those cases 
with mitral valve abnormalities was significantly higher than those without. More females than 
males had valves affected (ratio. 2:1). Malformations such as ventricular septal defect and tri- 
cuspid or pulmonary valve anomalies were represented in similar proportions in cases with and 


without mitral anomalies. 


Abnormalities of the tricuspid valve (the valve of the 
morphologically right ventricle),!? the pulmonary 
valve, and the subpulmonary area?” $ are well docu- 
mented in hearts with congenitally corrected trans- 
position. Less frequently the aortic valve may be 
abnormal’ © but as far as we are aware there has been 
no systematic study of or reference to abnormalities 
of the mitral valve in this condition. This paper 
documents the prevalence and nature of these 
abnormalities in 29 necropsy cases. 

Throughout this paper the term mitral valve is 
used to designate the atrioventricular valve of the 
morphologically left ventricle. 


ver 


Patients and methods 


Thirty five heart specimens with congenitally cor- 
rected transposition from the pathological collection 
at Killingbeck Hospital were examined for evidence 
of abnormality of the mitral valve. After initial in- 
spection six hearts were discarded because of exten- 
sive tissue damage from previous dissection at 
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operation or necropsy that precluded accurate evalu- 
ation. A detailed macroscopic examination of the 
atrioventricular and arterial valves was made in the 
remaining 29 cases. Abnormalities of the mutral 
valve were listed and grouped according to their 
major morphological characteristics. 


Results 


There were 15 female and 10 male patients who were 
aged from 1 day to 24 years at the time of death 
(median 19 months). Patients with normal mitral 
valves (age range 1 day to 11 years, mean 1-9 years) 
were significantly younger at death than those in 
whom the mitral valve was abnormal (age range 1 
day to 24 years, mean 6:5 years, SEM 2:0 years). 


MITRAL ABNORMALITIES 

Abnormalities of the mitral valve were found in 16 
(55%) of the 29 specimens. The Table summarises 
the details. 


Valves with multiple cusps 

A valve with more than two cusps was regarded as 
abnormal. In this series; one valve had three cusps, 
three were quadricuspid, and two had five cusps 
(Fig. 1). In each case the cusps were separated by 
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Table Morphological features of cases unth an abnormal mitral valve 
Case Age Sex Mitral abnormality VSD Tricuspid abnormality Pulmonary outlet Other 
No A abnormahties 
1 22m0 M Multicuspid (4 Large Normal Atresia Right aortic arch 
2 24 yr F Tension apparatus Small Multicuspid (5) Moderate stenosis 
3 ? M Mulucuspid (3), tennon Large Tension apparatus, Normal TAPVC, single 
a tus, common common valve 
ostium, AVSD 
4 10wk M Pronounced scalloping, Large Atresia Normal 
tension apparatus 
5 10mo M lasia None Ebstein’s Mild stenoss* 
6 8 yr ? Multicuspid (4) Small Stenosis Moderate stenosis 
7 16 yr M Tension apparatus Moderate Dysplasia Normal 
8 5 mo F Tension spparatus, cleft Large Tension apparatus aortic arch 
9 13 yr F Dysplasia Small Normal Atresia Ri aore arch, 
10 14 yr F Mutncuspid (4) Smali Dysplasia Moderate stenosis 
li ? F Stenosis Moderate  Ebstein’s 
12 8 yr M Mulncuspid (5) None Ebstein's Normal 
13 1 day F Pronounced scalloping, None Ebstein’s Mild stenosis* 
tension apparatus 
14 19mo F Dysplasia, common Large Dysplasia, common Atresia TAPVC, AVSD 
15 16mo F Multicuspid (5) Small Ebstein’s Normal 
16 limo F Pronounced scalloping Small Ebstein's Moderate stenosis 


*Pubnonary outflow tract-teg or membranous septal 


aneurysm. 
ysb, ventricular septal defect; AVSD, atrioventricular septal defect; SCV, auperior caval vein; TAPVC, total anomalous pulmonary 


ous connection. 
Figure in parentheses after multicuspid valve 1s number of cusps. 


commissural areas defined by the presence of com- 
missural chordae.” In a further three cases the poste- 
rior cusp was divided into two or more well 
separated sections. Shortening and dysplasia of the 
chordae in these cases, however, made it impossible 
to recognise commissural chordae. These divisions 
were far in excess of the scalloping of the mitral 
leaflets described in normal hearts.’ None of the 
leaflets were dysplastic and, as far as it was possible 
to judge in fixed specimens, these abnormalities 
probably would not have created any haemodynamic 
disturbance. The valves with three cusps also had 
abnormalities of the tension apparatus. In nearly all 
of the cases in which the mitral valve had more than 
two cusps, the tricuspid and pulmonary valves were 
also abnormal; for example Ebstein’s anomaly of the 
tricuspid valve was present in both cases in which 
the mitral valve had five cusps. 


Abnormalities of tension apparatus 

Six cases (21%) had abnormalities of the tension ap- 
paratus that comprised multiple or compound papil- 
lary muscles and anomalous chordal attachment. In 
three cases there were multiple papillary muscles. In 
one this affected both anterior and posterior papil- 
lary groups, with ten papillary muscles supporting 
three cusps (Fig 2), while in the other two only the 
posterior papillary muscles were increased. 

There were two cases with short dysplastic chor- 
dae. In one of these the anterior cusp of the mitral 
portion of a common valve was almost sessile while 
the posterolateral cusp had numerous papillary mus- 


cles and is included in the group mentioned above 
(Fig 3). The other case showed numerous short dys- 
plastic chordae attached to a bizarre posterior papil- 
lary muscle (Fig. 4). Two cases showed parachute 
like malformations of the papillary muscle in that 
most of the chordae were attached to a single papil- 
lary muscle group. In one of these cases small ten- 
uous chordae were attached to a delicate posterior 
papillary muscle. In the other, one cusp of a cleft 
valve had a single thick chordal attachment to one 
portion of a duplex papillary muscle while the re- 
maining chordae were attached to the other portion 


(Fig 4). 


Dysplasia, stenosis, common valve, or cleft 

There were three cases (10%) of valve dysplasia. 
Two had a rather redundant rolled edge appearance 
to the cusps (Fig 5) that might have resulted in in- 
competence of the valve. In the remaining case the 
dysplasia was more nodular and the valve was hypo- 
plastic with a supravalvar ridge and appeared to be 
considerably stenosed (Fig. 5). Of the two cases of 
common atrioventricular valve one had abnormal- 
ities of tension apparatus and one case also had dys- 
plastic leaflets. The cleft valve may also have been 
incompetent, but though the cleft is impressive in 
the fixed specimen (Fig: 4) it is impossible to be cer- 
tain about the presence of regurgitation during life. 


ADDITIONAL ABNORMALITIES 
In all cases the aortic valve was normal. 
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Fig. 1 Valves with more than two cusps. (a) There are four cusps. The anterior cusp (A) has been divided. Three posterior 
cusps (P) are present. Closed arrow, ventricular septal defect; open arrow, pulmonary outlet (case 1). (b) Pronounced 
scalloping of the posterior leaflet of the mitral valve giving the appearance of four equal well formed cusps (asterisked). There 
is some shortening of chordae and bridging between the papillary muscles (arrowed) (case 4). (c) A valve with five cusps 
attached to confluent papillary muscles (case 12). (d) Atrial view of a five cusp valve in the closed position (case 15 





Fig. 2 A montage view of an opened mitral valve showing ten papillary muscles in two groups of five (case 7 
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Fig.3 (a) The straddling atrioventricular valve associated with ar: atrioventricular septal defect. The specimen is viewed 
from behind. A, anterior mitral cusp; PL, posterolateral mitral cusp; T, tricuspid valve; closed arrow, ventricular septal 
defect; open arrows, margins of ostium primum defect. (b) The posterolateral cusp of the mitral valve is attached to numerous 
papillary muscles (case 3). 





Fig.4 (a) A deeply cleft mitral valve with an abnormally thick solitary chorda attached to a bifid papillary muscle 
(case8&). (b) The posterior cusp of a mitral valve with pronounced scalloping of the posterior cusp showing the attachment of 
multiple shortened chordae to an atvpical papillary muscle (case 13). 





Fig.5 (a) The dysplastic thickened cusps of this mitral valve show some doming similar to that of floppy or mucinous 
degeneration. The chordae are also thickened (case 9). (b) A hypoplastic dysplastic and stenosed mitral valve with a 
transverse supravalvar ridge (arrowed) (case 11). 
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Tricuspid lesions 

Abnormalities of the tricuspid valve were present in 
25 cases (86%). Although tricuspid valve abnormal- 
ities were represented in similar proportions in the 
groups with and without mitral anomalies, there 
were six cases of Ebstein’s anomaly in the group 
with mitral valve anomalies against two cases in 
those with normal mitral valves. 


Ventricular septal defects 

Ventricular septal defects were present in 23 cases 
(79%) and were represented in similar proportions 
in the groups with and without mitral valve anoma- 
lies. 


Pulmonary valve and subpulmonary region 
Pulmonary atresia (10/29) or stenosis (9/29) were 
common and in addition there were five cases with 
subpulmonary tags or aneurysms of the mem- 
branous septum that may have caused obstruction to 
blood flow. Outlet abnormalities of the mor- 
phologically left ventricle were represented in simi- 
lar proportions in those cases with and without 
mitral valve anomalies. 


Other minor abnormalities 

There were five cases with a right sided aortic arch, 
two cases with bilateral superior caval veins, and two 
cases of total anomalous pulmonary venous con- 
nection. There was one case each of single coronary 
ostium, left juxtaposition of the atrial appendages, 
and right ventricular diverticulum. 


Discussion 


It is clear that in congenitally corrected trans- 
position of the great arteries abnormalities of the mi- 
tral valve are common. Although two earlier papers 
refer to mitral insufficiency in this condition,'° !! it 
is clear that these workers were referring to the valve 
of the morphologically right ventricle. It is sur- 
prising that there has been no mention of abnormal- 
ities of the mitral valve in previous detailed 
morphological and clinical studies of this condi- 
tion.’? This may be explained by the fact that the 
abnormalities we found, though numerous, were 
relatively minor and for the most part are unlikely to 
have produced serious haemodynamic disturbance. 
Attention has naturally focused on those defects 
which are surgically more important. 

In any study of fixed specimens it is often difficult 
to be certain of the severity of the haemodynamic 
disturbance likely to result from a given anatomical 
lesion and in this study we felt that only in the case 
with stenosis of the valve would the disturbance 
have been important. In a further three cases, two 
with cusp dysplasia and one with a cleft, regur- 


gitation might have been present during life. It is 
therefore unlikely that abnormalities of the mitral 
valve will be of surgical importance in this group of 
patients. Nevertheless, since our series is a small and 
selected group it is possible that occasionally the 
mitral lesion may be more important. 

Although the cases with abnormal mitral valves 
were significantly older at the time of death than 
those with normal mitral valves it is clear from the 
nature of the mitral lesions (with the possible excep- 
tion of the three cases with cusp dysplasia) that they 
were not acquired in postnatal life. 


Conclusion 


The mitral valve anomalies we have described are 
minor. Whether in the long term they will become 
clinically important in the survivors of surgical 
treatment or in those rare examples of corrected 
transposition without additional abnormalities re- 
mains to be seen. 


LMG is supported by the National Heart Research 
Fund. 
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Severe aortic stenosis in elderly patients 
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SUMMARY Clinical and non-invasive findings were compared with catheterisation data in 91 
elderly patients (mean 65 years, range 52—78) with suspected severe aortic stenosis requiring 
operation. Heart catheterisation showed that forty nine patients had a valve area of <0-6 cm?, 36 
had a valve area of 0-7-1-0 cm?, and six an area of > 1:1 cm?. Coexistent aortic regurgitation was 
found in 85% of the cases, but severe regurgitation was found in only one patient (1%). Seventy 
seven per cent of patients had chest pain, 74% had dyspnoea, and 46% had exertional vertigo or 
syncope. Coronary angiography, which was performed in 77 patients, showed coronary artery 
disease in 24% of those with a history of angina pectoris and in none of those without. All patients 
had echodense valves; aortic valve calcification was shown by x ray in 76% and in all but one by 
cineradiography. The peak of the systolic murmur was delayed in 98% of the patients. Although 
a prolonged left ventricular ejection time was characteristic of severe aortic stenosis, a normal 
value did not exclude this diagnosis. Most patients (84%) had increased QRS amplitude on the 
electrocardiogram. Echocardiography showed an increased left ventricular wall thickness in 90% 
of the patients in whom it was possible to define the myocardial borders. There was an inadequate 
blood pressure increase in response to exercise in 82%. In about 25% of the patients the exercise 
test was at variance with the New York Heart Association classification. Findings suggesting 
severe aortic stenosis resembled those reported for younger age groups. When most findings point 
to severe aortic stenosis, the absence of a single symptom or non-invasive sign does not exclude 
severe aortic stenosis. 


The classic symptoms of aortic stenosis—congestive 
heart failure, angina pectoris, and syncope—usually 
appear in the sixth decade or later’? and without 
operation outcome is usually poor. Operation on 
elderly patients with aortic stenosis is now feasible. 
Studies of the diagnosis and haemodynamics of aor- 
tic stenosis have mainly been of younger patients 
with isolated aortic stenosis; patients with coexistent 
aortic regurgitation have been excluded. Usually 
only single non-invasive signs have been in- 
vestigated, and of those studies in which a combina- 
tion of non-invasive variables was used to predict 
the severity of aortic stenosis? ~° only one® included 
echocardiography and none included an exercise 
test. , 

In our experience isolated aortic stenosis-is rare in 
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elderly patients. Because coexistent ischaemic heart 
disease is common, coronary angiography has 
seemed to be essential, although it was reported as 
being carried out in only one of the above mentioned 
studies. Our study describes the haemodynamic, 
clinical, and non-invasive features in a group of 
elderly patients referred for catheterisation because 
they were believed to have aortic stenosis severe 
enough to merit operation. 


Patients and methods 


The patients who fulfilled the above criteria were all 
>50 years old and numbered 94, but three of them 
have been exchided because their aortic valve area 
could not be determined at catheterisation. The re- 
maining 91 comprised 38 women and 53 men aged 
52-78 years (mean 65). Figure 1 shows the func- 
tional capacity of the 91 patients according to New 
York Heart Association criteria.’ Eighteen patients 
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Fig.l New York Heart Association classification in 
relation to age. 


were or had been on maintenance antihypertensive 
medication. Forty four patients were on digitalis, 51 
on diuretics and 23 on f blockers. 


Methods 


Patient history was extracted from the medical 
records with particular emphasis on effort-related 
chest pain, dyspnoea, dizziness, and syncope. A 12 
lead electrocardiogram was recorded at rest and 
evaluated according to the Minnesota Code.® An ex- 
ercise test was performed with the patient seated on 
an electrically braked bicycle ergometer with either a 
stepped increase in load every sixth minute (n = 44) 
or with a continuous increase in workload of 10 W 
each minute (n=32). Chest pain, dyspnoea, diz- 
ziness, fall in systolic blood pressure, or fatigue were 
used as end points. With the stepped increase in 
workloads, maximal work performance (Wmax 6’) 
was calculated according to Strandell.” With the 
continuous load increase, the workload at the inter- 
ruption of the test was converted into Wmax 6’ by 
multiplication by a factor of 0-78.!° 

Indirect systolic blood pressure response during 
exercise was classified as: I a fall of > 10mm Hg; II 
a subnormal rise, that is <10 mmHg per 30 W in- 
crease in workload; III a normal rise, that is 11 to 
30mm Hg rise per 30W. Phonocardiography was 
performed from the apex in the left lateral position 
(A) and from the base of the heart, where the mur- 
mur was strongest (B). The maximum of the systolic 
ejection murmur was defined and assessed in re- 
lation to the onset of the Q wave and to the onset of 
the first heart sound (S,). These time intervals were 
subsequently related to the Q-S, and S,-S, times 
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respectively. The third and fourth heart sounds 
were regarded as abnormal if they had increased am- 
plitudes relative to second heart sound (S,) and had 
a higher frequency content than normal. The carotid 
pulse was recorded with a system time constant of 
3-28 at a paper speed of 100mm/s simultaneously 
with the electrocardiogram (lead II). Left ventricu- 
lar ejection time was measured and rate corrected in 
three different ways.'!~13 The T time and U time 
were measured according to Tavel'* and were cor- 
rected according to Bazett.!? 

All chest radiographs and cineangiograms were 
examined retrospectively in sequence by one experi- 
enced radiologist without knowledge of other 
patient data. Aortic valve calcification was indepen- 
dently estimated from the chest x rays and the cine- 
angiography. Left ventricular angiography was 
performed in all patients, retrograde thoracic aor- 
tography in 87, and selective coronary angiography 
in 77. Aortic regurgitation was assessed semi- 
quantitatively according to Cullhed’> and mitral re- 
gurgitation in a similar manner. 

The echocardiograms, which had been recorded 
at routine clinical examination, were checked and 
remeasured by an experienced technician who was 
unaware of the catheterisation results. All mea- 
surements were obtained from M mode recordings 
made with a 3MHz ATL (Advanced Technology 
Laboratory) mechanical sector scanner with the pa- 
tient recumbent in the left lateral position, according 
to the recommendations of the American Society of 
Echocardiography.'® Left ventricular muscle mass 
was determined according to Bennett and Evans.!7 

All patients were catheterised, with a transseptal 
catheter to the left ventricle, one catheter to central 
aorta, and a third one to the pulmonary artery. Pres- 
sures were registered by external pressure trans- 
ducers with the mid-thoracic level as a reference 
point. Cardiac output was determined by the Fick 
method. Simultaneous aortic and left ventricular 
pressures were recorded during the cardiac output 
determination and the aortic valve area was calcu- 
lated by the Gorlin formula. +8 


Statistics 

One way analysis of variance was performed to de- 
termine the statistical significance of observed 
differences between the three severity groups (see 
below). If a significant F ratio was obtained, 
differences between each pair of group means were 
compared by Duncan’s new multiple range test.'® 
Linear regression coefficients were calculated by 
the method of least squares. Multiple regression 
analysis, as expected, yielded no useful relations for 
the evaluation of the severity of the aortic stenosis 
because of the uniformity of these selected patients. 
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Fig.2 Aortic regurgitation in relation to aortic valve area. 
Aortic regurgitation was assessed semtquantitatively 
according to Cullhed,'* where 0 is no regurgitation and IV is 
severe regurgitation. Aortography was not performed in four 
cases. 


Results 


Classification 

The patients were classified according to the severity 
of their aortic stenosis. Forty nine patients (54%) 
(age 52-78, mean 67 years) were classified as having 
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Chest pain 
Vertigo/ 
syncope 





Fig.3 Occurrence of dyspnoea, chest pain, and 
dizziness/syncope. Three of the 91 patients had no symptoms 
and are not inciuded in the figure. 


severe stenosis (aortic valve area <0-6cm?), 
36 (39%) (age 53-76, mean 63), as having moderate 
stenosis (area 0-7-1-0 cm”), and six (7%) (age 61-71, 
mean 67) as having mild stenosis (area 21-1 cm?). 
Seventy seven (85°) of the patients had aortic re- 
gurgitation cf varying degrees, but only one patient 
(1%) had severe regurgitation (Fig.2). No patient 
was excluded because of its presence (see Dis- 








Table 1 Haemodynamic variables 
Aortic stenosis No Mean SD Range 
Aortic valve area (cm?) Severe 49 0-48 0-10 02-06 
Moderate 36 0-78 0-10 0-7-1-0 
Mild 6 1-63 66 1-2-2-9 
Peak systolic gradient (mm Hg) Severe 49 r79) S 31 31-171 
Moderate 36 +e AAD 19 11-90 
Mild 6 Ligi x 19 0-45 
Mean systolic gradient (mm Hg) Severe 49 r64 * 21 28-124 
Moderate 36 ** 39) 14 11-73 
Mild 6 ‘gis 14 2-33 
Left ventricular systolic pressure Severe 49 i 1,** 37 125-305 
(mm Hg) Moderate 36 ** 189 28 118-241 
Mild 6 “164 34 110-204 
Left ventricular end diastolic pressure Severe 49 21 9 7-40 
(mm Hg) Moderate 36 18 8 7-40 
Mild 6 17 5 10-24 
Right atrial mean pressure (mm Hg) Severe 49 6 4 2-21 
Moderate 36 6 3 1-18 
Mild 6 6 2 3-8 
Systolic pulmonary arterial pressure Severe 49 42 20 20-100: 
(mm Hg) Moderate 36 36 13 20-74 
Mild 6 37 6 27-42 
Arteriovenous oxygen difference (ml/t) Severe 49 57 li 39--92 
Moderate 36 55 13 38-94 
Mild 6 57 16 44-86 
Stroke volume (ml) Severe 49 753, * 14 27-89 
Moderate 36 64 16 23-96 
Mild 6 “70 24 30-100 





*p< 0-05, **p< 0-01. 
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Fig.4 Peak systolic gradient in relation to calculated aortic 
valve area. No correction was made for degree of aortic 
regurgitation. 
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Fig.5 Physical work capacity at the exercise test, expressed 
as per cent of age and sex related reference value 

(Wmax% }? in relation to aortic valve area (a) and New 
York Heart Association classification (b). 
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cussion). Twenty patients (22%) had mild mitral re- 
gurgitation and nine (10%) had moderate mitral 
regurgitation; these cases were equally distributed 
among the three aortic stenosis groups. Only two 
patients had severe mitral regurgitation—one in 
each of the groups with severe and moderate ob- 
struction. The calculated aortic area forms the basis 
of the comparison with the non-invasive data. 


Symptoms 

Seventy patients (77% ) had a history of chest pain, 
67 (74%) of dyspnoea, and 42 (46%) of vertigo 
and/or syncope, all related to exertion (Fig, 3). 
Twenty five patients (27%) had a combination of all 
these symptoms and in 24 of these 25 patients the 
aortic valve area was less than i-lcm?. Three 
patients, however, without any of these symptoms 
had the same small valve area. 


Findings at invasive investigation 

Table 1 summarises some variables that were deter- 
mined invasively. As expected there is an inverse 
correlation between valvar area and systolic pressure 
gradient (Fig. 4). It is, however, notable that in indi- 
vidual patients with a peak systolic gradient of only 
30 mm Hg the valve area was less than 0-7 cm’. The 
stroke volume correlated with valve area. There was 
no significant difference between the three groups 
for most of the other invasive variables (Table 1). 


Electrocardiography 

The R amplitude criteria of left ventricular hyper- 
trophy (Minnesota code 3.1 or 3.3) were fulfilled in 
84°, of the patients. One of the patients with a mod- 
erate stenosis had a normal electrocardiogram at 
rest, The remaining patients had left bundle branch 
block (four), signs of old infarction (two), pacemaker 
(one), or T wave abnormalities (seven). 


Exercise test 

An exercise test was performed by 76 patients (84°, } 
37 of whom were in New York Heart Association 
functional class II] or IV. There were no compli- 
cations. The reasons for interruption of the exercise 
test were blood pressure reaction (36%), chest pain 
(29%), dyspnoea (34%), vertigo 4%), tiredness 
(26%), other (29%). Physical work capacity was re- 
duced to below 80% of the reference value’? in 95%, 
of the patients. Figure 5 shows the relation of the 
work capacity to valve area and to the New York 
Heart Association functional classification. ‘Sixty 
two patients (82% ) had a subnormal blood pressure 
increase (n=33) or a blood pressure reduction 
(n= 29) during the exercise test. Thirteen patients 
without a history of dizziness or syncope and with 
normal left ventricular ejection time had a subnor- 
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Phonocardiogram and carotid pulse recording 











15 Cj Mild As the valve area decreased the maximum of the 
2 [J Moderate murmur tended to come later in systole (Table 2), 
£ W Severe but this resulted in a significant difference only be- 
glo tween the group with severe and that with mild 
6 stenosis and only at the apex. The fourth sound was 
È abnormal in 25%, of the patients; this sign was 
§ S equally common in all three groups. Only 5°, of the 
patients had an abnormal third heart sound. The left 
5 ventricular ejection time, U time, and T time were 
100 no 120 30 140 significantly longer for the group with severe steno- 
ee rae LVET, %e sis compared with the groups with moderate and 
mild stenosis (Fig. 6, Table 2). 
Fig.6 Left ventricular ejection time corrected according to 
Meiners" in relation to calculated aortic valve area. Echocardiography 


In all patients echodensity was increased in the aor- 
mal blood pressure increase or a blood pressure re- tic valve region. Left ventricular wall thickness was 
duction with this test. increased in 44(90°,) of the 49 patients in whom it 


Table 2 Findings at phonocardiogram and pulse curve registrations 








Aortic stenosis No Mean SD Range 

QM2-A Severe 39 0:66 0-06 0-53-0-82 
Moderate 35 *0-63 0-07 0-48-0-77 
Mild 6 10-58 0-10 0-44-0-68 

QM2-B Severe 44 0-67 0-05 059-076 
Moderate 33 0-65 0-07 0-47-0-79 
Mild 6 0-63 OLE 0-45-0-78 

LVET (%4) Severe 41 rlily** 9 97-135 
Moderate 30 xxl 106° 9 86-127 
Mild 6 Loo 9 89-112 

U time (ms) Severe 41 5240) * 27 190-300 
Moderate 30 ** |225; 25 180-280 
Mild 6 L199 * 25 170-250 

T time (ms) Severe 4l c714)* 17 39-120 
Moderate 29 ** 62, 16 35-106 
Mild 6 “45? * 14 35-70 


maeman 
QM2, fractional time of maximum of murmur in relation to electromechanical systole; A, apex; B, base; LVET, left ventricular ejection 
time, corrected according to Meiners.'' U time and T time are rate corrected according to Bazetr.'* 

*p< 0-05, p< 001. 


Table 3  Echocardiographic findings 
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Variable Aortic stenosis No Mean SD Range 
LVIDed (nm) Severe 25 51 9 39-76 
Moderate 23 54 8 35-74 
Mild 4 66 10 52-73 
(IVSed + LYP Wed)/2 (mm) Severe 25 15-2 23 12-20 
Moderate 21 143 20 11-19 
Mild 3 13-8 10 13-15 
Left ventricular mass (g) Severe 25 433 141 263-788 
Moderate 21 442 124 271-738 
Mild 3 532 178 370-722 
LAes (mm) Severe 39 4l 7 27-58 
Moderate 31 42 7 31-61 
Mild 6 44 6 38-52 


mamaaa 
LVIDed, left ventricular end diastolic diameter; IVSed, septal end diastolic thickness; LVPWed, left ventricular posterior wall end 
diastolic thickness; LAes, left atrial end systolic diameter. 
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could be measured. The left ventricle was dilated to 
more than 55 mm in 19 (37°) of 52 cases (Table 3). 
There was no correlation between estimated left 
ventricular mass and valve area, nor between sever- 
ity of aortic stenosis and left atrial size. 


Radiography 

Aortic calcification was seen in 44 (90%) of 49 cases 
on the chest x ray in the group with severe, in 
23 (68%) of 34 cases in the group with moderate, 
and in two (33%) out of six cases in the group with 
mild stenosis, The corresponding figures for 
calcifications on the cineradiography were 
49/49 (100%), 33/34 (97%), and 5/5 (100%). 


Coronary angiography 

Of 70 patients (77%) who suffered from chest pain 
63(90%) had coronary angiography. Seventeen 
(27%) of these had at least one coronary arterial 
stenosis reducing the luminal area by 70% or more. 
Single vessel disease was found in 10 patients, two 
and three vessel disease in five and two respectively. 
Of the remaining 21 (23%) patients without chest 
pain, 14(67%,) had coronary angiography and none 
had a stenosis. 


Discussion 


Because the patients in this study were selected on 
account of their apparent need of operation, the fre- 
quency of particular symptoms or signs in them 
should not be taken as being representative of an 
unselected population of patients with aortic valvar 
disease, This applies especially to the group with 
mild stenosis. In four of the six patients in this group 
the non-invasive results did not indicate a severe 
stenosis and in one they were contradictory, but the 
patients were catheterised because of severe symp- 
toms, exercise related dizziness or syncope or left 
ventricular failure in combination with a murmur of 
aortic stenosis. 

Patients with aortic regurgitation were not ex- 
cluded because aortic stenosis seldom occurs with- 
out any regurgitation in this age group. Patients who 
before catheterisation were judged to have predom- 
inant aortic regurgitation with minimal stenosis 
were, however, not included. 

The severity of an aortic stenosis can be expressed 
as the pressure difference across the valve or as the 
calculated valve area.'ë With aortic regurgitation, 
the area is underestimated because the flow across 
the valve is greater than the forward stroke volume 
measured by the Fick method. Expression of aortic 
stenosis in terms of valve area does, however, give 
information about the degree of haemodynamic load 
imposed by the valve lesion. 
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CLINICAL AND NON-INVASIVE FINDINGS 
No relation was found between single symptoms and 
valve area; this accords with other studies.7! * It is 
not surprising since the symptoms of other disease—- 
for example, coronary artery disease—may resemble 
those of aortic stenosis. 

The non-invasive findings can be classified ac- 
cording to morphological changes in the aortic valve, 
haemodynamic effects of obstruction to flow, mea- 
sures reflecting left ventricular hypertrophy, and of 
functional capacity. 


Morphological changes in the aortic valve 

In 78% of the whole group and 90%, of those with 
severe stenosis calcification was seen on the chest x 
ray. This is slightly less than was reported by 
Szamosi and Wassberg who found calcification in 
91% of patients with aortic stenosis undergoing 
operation’? but more than that reported by Nak- 
amura et al.° Cineradiography was much more sen- 
sitive than the chest x ray, and detected calcification 
in 99% of our study group. Increased echodensity at 
the aortic valves was even more sensitive than 
cineradiography since it was detected in 100%, of 
patients, although the severity of aortic stenosis 
could not be assessed from the extent of cusp sepa- 
ration (which was often undetectable). Therefore 
fluoroscopy and echocardiography are extremely 
useful because they can reliably suggest or rule out 
the possibility of aortic stenosis in the atypical 
case.*+ 


Non-invasive measures of the obstruction to flow 

Late peak intensity of the systolic murmur is cor- 
related with severity of aortic stenosis. °°?° The 
peak intensity was, however, difficult to identify in 
our patients because there was considerable beat to 
beat variation, which was often due to irregular high 
intensity vibrations occurring within the marmur. 
In all patients except two, however, the murmur was 
most intense in late systole. A prolonged left ventric- 
ular ejection time and a slow rise of the systolic pulse 
wave is typically found in valvar aortic stenosis. An 
appreciable number of our patients, however, had a 
normal left ventricular ejection time. However, the 
left ventricular ejection time, the rate corrected up- 
stroke time, and T time differed considerably in the 
three groups. The carotid pulse tracing is therefore a 
useful aid for estimating the severity of aortic steno- 
sis in this age group too,* > ?° 


Non-invasive variables reflecting left ventricular 
hypertrophy 

The frequency (84%) of electrocardiographic evi- 
dence of left ventricular hypertrophy was similar to 
that reported in other studies.” Only one patient 








































































O <20mmHg 
100 B 2 20mmHg 
= si * 

° Red p pong 
(ha) Bs ss By 
k Ko ko 
504 B pa = 

Se Be Be bby 

Se eset ee bod 

Red Ron SS 

4 po bed Be 

ease Bos see 

poe seats Kt 

Naser ah total 

bed es se 

we oe poy 

ey Ko wet 

ee Pod ae 

0 = ES x By 

NYHA BP LVET QM2-B FS EF 
HL IV -y 


Fig.7 Comparison between patient groups with left atrial 
pressure <20 and > 20mm Hg with regard to symptoms 
(New York Heart Association ITI or IV), blood pressure 
reaction at exercise test (BP), left ventricular ejection time 
(LVET ), time of maximum systolic murmur in relation to 
electromechanical systole (QM2-B), fractional shortening 
(FS), and ejection fraction (EF) measured with M mode 
echocardtography. 


had a completely normal electrocardiogram. Left 
ventricular wall thickness was increased in 90% of 
the patients in whom it was possible to define the 
myocardial borders echocardiographically. This 
was, however, possible only in 54° of the patients. 
The frequency of echocardiographic left ventricular 
hypertrophy was similar to that observed by 
others.?® Bennett’s formula’? for estimation of the 
degree of stenosis from the ratio of wall thickness to 
left ventricular cavity dimension was not applicable 
to our patients. It has been suggested that patients 
with severe aortic stenosis have an increased left 
atrial size. This was not true in our patients. 


Functional evaluation 

The exercise test was performed by 84°, of the pa- 
tients. Many were in New York Heart Association 
functional class HI or IV; but with precautions, 
namely, frequent blood pressure recordings, and in- 
terruption of the test when blood pressure fell or 
dizziness or angina occurred, the tests could be per- 
formed safely. As with other observations?! °? the 
exercise test gave additional information about the 
functional capacity. Eight patients in New York 
Heart Association class III or class IV had only a 
moderatly reduced work capacity (50-80% of the 
expected) while 12 patients in New York Heart 
Association class IT had a work capacity below 50°, 
of expected. 


FACTORS INFLUENCING THE NON-INVASIVE 
FINDINGS 

The reason why combinations of non-invasive tests 
are needed for accurate prediction of severe aortic 
stenosis is because factors other than the degree of 
aortic valvar obstruction—notably medication, hy- 
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pertension, left ventricular dysfunction, and coro- 
nary artery disease—will affect the measurement of 
single variables. 

Patients treated by f receptor blockade or di- 
uretics or both and untreated patients did not differ 
in regard to the type of blood pressure reaction or 
the left ventricular ejection time. Arterial hyper- 
tension was equally distributed between patients 
with and without electrocardiographic signs of left 
ventricular hypertrophy. Hypertension had no 
demonstrable influence on the correlations between 
echocardiographic measures of left ventricular hy- 
pertrophy and aortic valve area. Genovese et al have 
reported that patients with aortic stenosis and hy- 
pertension have an earlier maximum of the systolic 
murmur than those without hypertension.** This 
was not the case in our patients. 

To analyse the effect of left ventricular dys- 
function we excluded patients with moderate to 
severe mitral regurgitation and compared the non- 
invasive findings in patients with a left atrial mean 
pressure of 20mm Hg or more with patients with 
lower left atrial pressures (Fig. 7). Only New York 
Heart Association functional class, echo- 
cardiographic fractional shortening, and ejection 
fraction discriminated between the two groups. 
Thus in elderly patients it was difficult to determine 
whether symptoms such as dyspnoea or a reduced 
exercise tolerance were caused by the aortic stenosis, 
left ventricular dysfunction, or both. 

Both coronary artery disease and aortic valve dis- 
ease may produce angina. Our patients had a similar 
frequency of chest pain and coronary artery disease 
as earlier reported in middle aged patients with aor- 
tic stenosis. Coronary artery disease was not found 
in any patient without angina pectoris which accords 
with another report.°+ Hence the indication for co- 
ronary angiography in patients without angina is 
questionable. 

To summarise, in elderly patients with aortic 
stenosis: (a) electrocardiography and chest x ray are 
useful for routine examination, and normal findings 
do not exclude severe aortic stenosis; (6) a late max- 
imum of the systolic murmur is characteristic of 
severe aortic stenosis, even in patients with left ven- 
tricular dysfunction or hypertension; (c) in severe 
aortic stenosis the carotid pulse tracing is often ab- 
normal, and to some extent the degree of abnormal- 
ity correlates with the severity of stenosis; (d) there 
is evidence of left ventricular hypertrophy on the 
electrocardiogram in 80-90% of cases and by echo- 
cardiography in about 90% of those patients in 
whom satisfactory recordings are obtained; (e) echo- 
dense aortic valves with reduced motility are a re- 
liable echocardiographic indicator of aortic valve 
disease, which is valuable in atypical cases and for 
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the differentiation between subvalvar obstructions 
and aortic stenosis, but this investigation does not 
indicate the severity of the disease; (f) coronary ar- 
tery disease without angina pectoris is very rare and 
the need for routine coronary angiography in this 
age group is therefore questionable; (g) the exercise 
test gives an objective measurement of the physical 
work capacity—an inadequate blood pressure reac- 
tion during exercise is a common finding; (h) when 
most findings point to severe aortic stenosis the ab- 
sence of a single symptom or non-invasive sign does 
not exclude this diagnosis. 


This study was supported by grants from the Swe- 
dish National Association against Heart and Chest 
Diseases, the County Council of Ostergétland, and 
the Swedish Medical Research Council. 
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The need for invasive cardiological assessment and 
operation: viewpoint of a district general hospital 


T CRIPPS,* MS DENNIS,t M JOY 
From St Peter’s Hospital, Chertsey, Surrey 


SUMMARY The uptake of cardiac catheterisation and operation and of permanent pacemaker 
implantation in a district hospital in Surrey from 1979 to 1984 was studied prospectively. The 
1982-84 figures for coronary artery operation indicated that 362 procedures/million 
population/annum were needed in the district. If patients with > New York Heart Association 
grade II angina only received operation the corresponding figure would have been 325. The 
national need for these procedures (464/million population/year) was estimated by correcting for 
the low standardised mortality ratio for ischaemic heart disease in the health district that was 
studied. Valvular heart disease accounted for 79 operations/million population/annum and per- 
manent pacemaker insertion for 87 procedures/million population/annum. These figures under- 
line the substantial shortfall in modern cardiac care in the United Kingdom. 


The past two decades have seen substantial advances 
in both the techniques available to the cardiologist 
and in the scope of cardiac surgery. Information on 
the provision of cardiac surgery in the United King- 
dom,' the United States,?? West Germany,* and 
Australia suggests that the United Kingdom is 
behind other industrialised nations in the provision 
of cardiological care. An estimate of the requirement 
for cardiological investigation and operation is 
needed to plan for health care resource allocation. 
There are, however, no data currently available in 
the United Kingdom to indicate the likely demand 
for these procedures as district hospital facilities 
become more fully developed. We report on a pro- 
spective six year study of the uptake of invasive 
investigative facilities and operation by a district 
hospital cardiac unit that was set up in line with the 
recommendations of the Joint Cardiology Commit- 
tee.° The national need for these procedures was 
estimated by extrapolation after making some 
adjustment for regional variation in the prevalence 
of coronary artery disease. 
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Patients and methods 


THE HEALTH DISTRICT 

St Peter’s Hospital, Chertsey, is the district hospital 
serving the North West Surrey Health District. The 
average population of the district during the period 
of the study (1979-84 inclusive) was 202000. The 
proportion of these over retirement age was 17%. 
The figure for England and Wales as a whole is 
18%.” The social class distribution of the popu- 
lation was skewed towards classes I and II. The 
standardised mortality ratio (SMR) for ischaemic 
heart disease (International Classification of Dis- 
eases 410-414) for the district was 0-78 and for 
valvar heart disease (International Classification of 
Diseases 393-398) it was 1-00.% 


THE LOCAL CARDIAC DEPARTMENT 

The establishment of the non-invasive cardiac 
department at St Peter’s Hospital has been reported 
elsewhere.’ Facilities include computer assisted 
exercise electrocardiography, Holter monitoring, 
cross sectional echocardiography, and nuclear cardi- 
ology. There are four technicians. General prac- 
titioners are encouraged to refer all cardiological 
patients to the district hospital and more than 4000 
outpatient appointments are made each year. 
Patients with unstable angina and recent myocardial 
infarction are admitted to the four bedded coronary 
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care unit which has approximately 550 admissions 
per annum. All patients within the hospital who 
require invasive cardiac assessment or operation are 
referred via the local department. Subsequent follow 
up is also performed locally. 


DIAGNOSTIC CATEGORIES 

Since 1979 a register has been kept of all patients 
referred from the district hospital for cardiac cath- 
eterisation and operation. Information is thus avail- 
able on age, symptom and risk factor status, medica- 
tion, and the outcome of invasive investigation and 
operation. The term ischaemic heart disease in this 
paper includes chronic stable angina, unstable 
angina, myocardial mfarction, and atypical chest 
pain requiring angiography to assist in diagnosis. 
Also included in this group are those patients with 
heart failure secondary to coronary artery disease 
and non-rheumatic mitral regurgitation associated 
with coronary artery disease. The term valvar heart 
disease includes aortic valve disease with and with- 
out coronary artery disease, chronic rheumatic heart 
disease, and valve operation after bacterial endo- 
carditis. Conditions falling outside these definitions 
are grouped together as “‘other”’. 


SYMPTOMS AND TREATMENT 

Symptoms were classified according to the New 
York Heart Association criteria. 1° Antianginal med- 
ication and its dosage were recorded and contra- 
indications and side effects were noted. Treatment 
with two or more agents was considered to be an 
adequate trial of medical treatment.’! Only data 
from the years 1982-84 were used to calculate the 
need for invasive investigation and coronary artery 
operation. This was when antianginal therapeutic 
regimens including f blocking agents, calcium 
antagonists, and mononitrates became generally 
accepted and the early evidence of the long term 
benefits of operation were recogaised.'? 


INVASIVE DATA 

Analysis of the left ventriculograms and coronary 
angiograms was based on the reports of the 
investigating cardiologists. The severity, number, 
and site of stenoses were noted on a graticule and the 
disease was classified as single, two vessel, two vessel 
with proximal left anterior descending stenosis, 
three vessel, or left main stem stenosis, according to 
the European Trial Criteria (250% stenosis)./? 
The presence or absence of left ventricular 
impairment at angiography was also noted. 


REVIEW OF CATCHMENT 
To take account of the fact that some patients were 
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district cardiac unit 1979-84 for moasive investigation, 
operation, and pacemaker implantation. The inner scale of 
the ordinate represents the number of patients and the outer 
scale the number of patients per million population. 


referred directly to a cardiac centre (usually the 
National Heart or Brompton Hospitals) by their 
general practitioners-we sent a postal questionnaire 
to the 109 principals in general practice in the dis- 
trict. Those who did not reply were telephoned. 
Only two declined to cooperate. In 1983 the South 
West Thames Regional Authority reviewed the ori- 
gin of all patients undergoing investigation and/or 
operation in the National Heart and Brompton Hos- 
pitals.'* Thus there were accurate data on the num- 
ber of patients living in the North West Surrey Dis- 
trict who had coronary artery or valve operation in 
1983 in these hospitals. These figures were assumed 
to be constant throughout the study period. We cor- 
rected for patients living outside the catchment area 
by excluding those who had home addresses outside 
the geographical catchment area at the time of 
referral. 


Results 


Figure 1 shows the total number of patients referred 
from the district cardiac unit for invasive 
investigation and operation during 1979-84. These 
figures do not include corrections for cross boundary 
inflow or outflow. The number of patients referred 
and operated upon for ischaemic heart disease 
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increased until 1983 and declined in 1984. Ten 
patients (six in 1983 and four in 1984) who under- 
went percutaneous transluminal angioplasty are 
included in these figures, which also include three 
re-operations. Five of the ten angioplasty patients 
came to coronary artery bypass within six months. 
There has been a slower increase in the rate of 
investigation and operation for valvar heart disease 
and for permanent pacemaker insertion. Miscel- 
laneous procedures such as pulmonary embolectomy 
remain infrequent. 


ISCHAEMIC HEART DISEASE 

The mean age of patients referred for coronary 
artery bypass operations increased from a mean 
(SEM) of 52 (1-5) years to 55 (1-0) years during the 
study period. The ratio of males to females varied 
but was approximately 6:1 overall. Despite the local 
policy not to refer smokers, 21% of patients said that 
they were smokers at presentation to the regional 
centre in 1979. This figure had fallen to 14% by 
1984, 

Forty seven per cent of all patients referred had 
New York Heart Association grade II or IH angina 
and 25%, had grade IV angina. Symptoms were less 
severe or absent in the remainder. Previous myo- 
cardial infarction had been documented in 46% of 
patients at the time of referral and 65° were found 
to have impaired left ventricular function at sub- 
sequent ventriculography. The waiting times for 
coronary angiography showed no consistent trend 
during the period. The mean waiting list time for 
angiography was 62 days and for operation it was 
132 days. These not unfavourable waiting times, 
however, conceal very substantially longer periods, 
sometimes exceeding 18 months, for some patients. 
Urgent cases were usually accommodated. Three 
patients died on the waiting list for angiography. 
One had atypical pain and severe coronary artery 
disease at necropsy, one had New York Heart Asso- 
ciation grade II, and one had grade III angina. 
Waiting time at death was one to four months. Four 
patients died on the waiting list for operation during 
the six year period. All had severe two or three vessel 
disease and had been waiting 1-20 months. There 
were two deaths within 24 hours of angiography 
(intractable ventricular fibrillation, myocardial 
infarction). 

Figure 2 shows the distribution of coronary artery 
disease in the patients investigated. Figure 3 shows 
the angiographic findings in relation to symptoms 
and treatment. Several patients had angio- 
graphically severe lesions despite mild symptoms. 
The percentage of patients invasively investigated 
who proceeded to operation increased during the 
study period from 62% in 1979 to 80% in 1983 and 
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Fig. 2 The distribution of coronary artery disease in the 
patients investigated 1979-84, The abcissa records the 
number of vesseis affected or left main stem (LMS). 
European Coronary Surgery Study Group criteria were 
used. 


declined to 70% in 1984. The overall 28 day mor- 
tality fell from 6% in 1981 to 3% in 1983. 


VALVAR HEART DISEASE 

The mean (SEM) age of patients undergoing 
surgery for valvar heart disease remained constant 
during the study period at 62 (2-5) years; the sexes 
were equally represented. The waiting list times 
resembled those experienced by patients with is- 
chaemic heart disease. In 57°, of the 119 referrals 
aortic valve disease was present and 13°, of these 
had co-existent coronary artery disease that required 
grafting. All patients in the latter group had angina 
pectoris. The operative mortality was 5-9°;, overall 
for aortic valve replacement, including those who 
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Fig.3 Distribution of angiographic findings in relation to 
symptoms and treatment based on 1982-84 figures only (see 
text). Twelve patients with inoperable coronary artery 
disease were excluded. LAD, left anterior descending artery. 
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Table 1 Miscellaneous procedures classified as “other” (see text) 





Other procedures 1979 1980 1981 1982 1983 1984 Total 
Electrophysiological study 5 1 2 0 3 2 13 
“Cardiomyopathy” l 4 0 I 2 3 U 
Congenital heart disease 4 i 0 4 0 j] 1g 
Aortic dissection 1 l l 2 0 0 5 
Pulmonary embolism 0 0 3 0 0 1 4 
Pericardial disease 0 0 2 l l l à 
Primary pulmonary hypertension 0 0 0 9 0 l | 
Total 11 7 8 8 6 9 49 


had coronary artery bypass grafts. There was one 
death after cardiac catheterisation (concealed hae- 
morrhage from an iliac vessel). Two patients died on 
the waiting list for operation (heart failure, suicide). 


PERMANENT PACEMAKER INSERTION AND 
MISCELLANEOUS PROCEDURES 

Figure 1 shows the number of permanent pacemaker 
insertions each year. Table 1 gives the referrals for 
miscellaneous cardiological conditions. The num- 
bers are too small for further analysis. 


GENERAL PRACTITIONER SURVEY 

Sixty two practitioners providing primary health 
care to 124 684 patients had not referred patients di- 
rectly out of the district. One hundred and two coro- 
nary artery bypass procedures were performed on 
patients registered with these general practitioners 
during 1982-84. This corresponds to 273 operations 
per million population per annum. The remaining 
45 practitioners said that some of their patients had 
been referred out of the district. The reasons given 
for direct referral included delay in obtaining out- 
patient appointments at the district hospital, pre- 
vious experience of delays at the referral centres 
used by the district hospital, and referral by employ- 
ment health schemes. Few of the general prac- 


titioners had accurate records of the numbers of 
patients referred or their fate. Estimates ranged 
from none to 15 operations per annum. Nevertheless 
73 of the 95881 patients on the lists of these prac- 
titioners came to coronary artery operation through 
the district cardiac unit, either after emergency ad- 
mission or because the district facilities had been 
used on that occasion. This group of practitioners 
accounted for 254 operations per million population 
per annum. This figure excludes patients referred 
directly out of the district. 

When the general practitioners were ranked sc- 
cording to the number of patients registered with 
them who came to operation during the study there 
was a wide variation. Table 2 gives the apparent 
need for operation on patients of the “top scoring” 
50% or 25% of the general practitioners expressed 
as the number of operations per million population 
per annum. 


NATIONAL HEART AND BROMPTON 
HOSPITALS SURVEY 

During 1983 eight patients underwent coronary ar- 
tery bypass grafting at the Brompton and National 
Heart Hospitals and two underwent valve oper- 
ation.'> Four patients came from outside the catch- 
ment area during 1982-84 and underwent coronary 
artery bypass grafting and during 1984 six came to 


Table 2 Calculation* of the requirement for coronary artery bypass grafting (CABG) 
Semeen 


Data 


(a) North West Surrey Health District 
(6) Corrected for cross boundary flow 
(c) Corrected for regional variation in SMR (see text) 
{d} Corrected to inch 

full treatment (see text) 
(e) Top 50th percentile of GPs (see text) 
(J) Top 25th percentile of GPs (see text) 





ude only symptomatic (NYHA grade II) patients on 


CABG procedurest Valve operationst 
{per million 
population per annum; 
327 7 i 
362 79 
464 79 
325 
643 = 
1716 ~ 


*Based on (a) St Peter’s Hospital figures; (6) as (a) but corrected for cross boundary flow; (e) as for (4) but corrected for regional variation 
in standardised mortality rate (SMR); (d) based on (c) but including only patients with New York Heart Association (NYHA) grade H or more 
angina on two or more drugs; (e) based on (c) and the need for surgery judged by the activities of the top 50th and top 25th percentile of general 


practitioners for referrals. 


tBased on 1982-84 figures (includes percutaneous transluminal coronary angioplasty and re-operations). 


{Based on 1979-84 figures. 
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valve operation. Cross boundary flow was thus bal- 
anced for valve operation but a small adjustment was 
needed for coronary artery bypass procedures (see 
Table 2). 


-Discussion 


There have been no previous detailed reports of the 
requirement in the United Kingdom for invasive 
cardiological investigation and operation nor has the 
operational experience of a district hospital cardio- 
logical unit been similarly reported. Fry in his gen- 
eral practice survey found an incidence of angina of 
0:39% per annum.'* The Research Committee of 
the Northern Regional Faculty of the Royal College 
of General Practitioners suggested that about 300 
patients per million population per annum devel- 
oped “severe” angina. This was not based on infor- 
mation about treatment or angiographic findings. '5 
The recent consensus statement that the United 
Kingdom required a provision for 300 coronary ar- 
tery bypass graft operations per million population 
per annum was anecdotal.'® 

Our data show a rise and latterly some decline in 
the number of patients operated upon for ischaemic 
heart disease while no similar trend has been seen in 
operation for valvar heart disease. There are several 
explanations for this. Initially there may have been a 
backlog of referrals. The publication of the findings 
of the European Coronary Surgery Study Groups in 
1982 suggesting that operation enhanced survival in 
three vessel and two vessel disease with a proximal 
left anterior descending coronary artery stenosis, ir- 
respective of symptoms,’? influenced decision mak- 
ing. More recently the Coronary Artery Surgery 
Study has questioned this.!’ The local requirement 
expressed as procedures per million population per 
annum is 362 for ischaemic heart disease (and in- 
cludes percutaneous transluminal coronary angio- 
plasty and re-operations), 79 for valve operation, 87 
for permanent pacemaker insertion, and 40 for mis- 
cellaneous conditions. The figure for coronary ar- 
tery bypass grafting may be adjusted if it is assumed 
that the standardised mortality ratio for North East 
Surrey Health District (0-78) reflects the local prev- 
alence of ischaemic heart disease. If this is the case 
the national need for coronary artery bypass pro- 
cedures increases to 464 when the local need is 
divided by the standardised mortality ratio. 

There was much variation in the number of pa- 
tients referred by general practitioners. Possible ex- 
planations include chance, age distribution of 
patients, and the general practitioner’s attitude to- 
wards operation. By examining the top 50th and the 
top 25th percentile of practitioners we estimated the 
effect if all general practitioners had referred pa- 
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tients at the same rate. These estimates (Table 2) 
may reflect more closely the true need in the com- 
munity for coronary artery procedures and are closer 
to the provision for operation in other countries. 
The most recently available data suggest a national 
provision in Australia of 420!° and in the United 
States of about 800 coronary procedures per million 
population per annum.? 

Indications for coronary artery operation include 
angina resistant to medical treatment and the possi- 
bility of improving survival. The three major ran- 
domised trials that have been rted, however, are 
to some extent contradictory.!4 1719 Hampton has 
reviewed them and he concluded that disabling an- 
gina may be the only indication for operation.?° If 
so, the current United Kingdom provision (exctud- 
ing percutaneous transluminal coronary angio- 
plasty) at 171°! is approximately one half of the 325 
operations that our data suggest are required for 
symptoms alone. If operation is also offered for en- 
hancement of survival in left mainstem stenosis, 
three vessel disease, and two vessel disease with a 
proximal left anterior descending artery stenosis!? 19 
the present national provision is less than a third of 
that required. To some extent the need for coronary 
artery operation reflects the policy of the referring 
centre. Thus in the North West Surrey District all 
patients in whom coronary artery disease is overt 
(that is after myocardial infarction) or suspected on 
the basis of symptoms undergo non-invasive evalu- 
ation if they are aged <60 years. Assessment above 
this age is more selective. 

The North West Surrey District requires 79 
operations per million population per annum for 
valvar heart disease. This compares with the total 
United Kingdom figure (76)! and that of South 
Australia (74)?* both expressed in the same units. 
There was a modest growth in the uptake of these 
procedures between 1979 and 1984 but it seems un- 
likely this will increase further unless the predicted 
change in the age structure of the population brings 
a concomitant increase in the need for aortic valve 
operation which is the predominant problem. 

Finally the figures for permanent pacemaker im- 
plantation (87 precedures per million population per 
annum) compare with the national figures (75) 
which are among the lowest in the Western World.?3 
We think that this in part represents a conservative 
approach, notably to sinoatrial disease, at the re- 
gional centre. 

Recently there has been increasing emphasis on 
the cost effectiveness of coronary artery procedures 
both in economic.terms and in terms of the enhance- 
ment of quality of life.1® * It is, however, salutory to 
recall that nine patients (discounting the suicide) 
died on the waiting list for investigation or oper- 
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ation. This represents 2:3% of all those sub- 
sequently undergoing operation and had regional 
facilities been adequate these deaths could have been 
avoidable. Attention has already been drawn to the 
inadequacy of district cardiological services,?" the 
inadequate provision of regional services,! and the 
poor use of available resources.7° 


Conclusion 


Our data suggest that at best current provision for 
coronary artery surgery in the United Kingdom 
caters for between one third and one half of the 
number of patients who might benefit from it. A 
more aggressive pattern of referral from general 
practitioners could increase this requirement still 
further. Operation for valvar heart disease is more in 
line with need, although this may not be true of per- 
manent pacemaker implantation. f 
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Case reports 





Echocardiographic demonstration of pulmonary 
valve endocarditis associated with congenital 


ventricular septal defect 


JOHN CHAMBERS,* GRAHAM LEECH 


From the Department of Cardiology, St George’s Hospital, London 


SUMMARY A 38 year old woman previously known to have a heart murmur presented with mal- 
aise and bloodstained sputum. Echocardiographic examination showed a subpulmonary ventricu- 
lar septal defect and probable vegetations on the pulmonary valve, and blood cultures grew 
Escherichia coli. She made a full recovery after 6 weeks’ antibiotic treatment. 


The pulmonary valve is rarely affected by subacute 
bacterial endocarditis and it is the most difficult of 
the four cardiac valves to visualise by echo- 
cardiography. Consequently there are few reports of 
the echocardiographic demonstration of pulmonary 
valve vegetations. We present an unusual case in 
which pulmonary valve vegetations were found in 
association with a jet lesion from a subpulmonary 
ventricular septal defect. 


Case report 


A 38 year old Greek woman with a three month his- 
tory of general malaise and myalgia and a cough 
productive of bloodstained sputum who had been 
told she had a congenital heart lesion travelled to the 
United Kingdom to seek medical advice. 

On examination she was generally well with no 
stigmata of subacute bacterial endocarditis. Her 
blood pressure was 120/90 mm Hg with a heart rate 
of 72 beats/min. There was a loud pansystolic mur- 
mur with an associated thrill at the left sternal edge 
and a soft early diastolic murmur over the pul- 
monary area that was best heard in inspiration. Her 
chest x ray showed an enlarged cardiac shadow and 
pulmonary plethora, but no evidence of pulmonary 
emboli. The electrocardiogram was within normal 
limits. A cross sectional echocardiogram showed a 
ventricular septal defect below the pulmonary valve 
(Fig. 1), and the presence of a high-velocity jet 
across this lesion was confirmed with pulsed 
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Fig. 1 A parasternal angled short axis section just below the 
aortic valve. The image quality is poor because a 2:25 mHz 
transducer was used for subsequent Doppler 
echocardiographic recordings, but the subpulmonary 
ventricular septal defect can be seen (arrowed). The Doppler 
sample is positioned in the right ventricular outflow tract 
below the pulmonary valve. S, interventricular septum; LV, 
left ventricle; PA, pulmonary artery. 


Doppler echocardiographic examination. The pul- 
monary valve was thickened and there was a separate 
echodense mass associated with the valve but which 
moved independently of it. This was interpreted as a 
vegetatior. (Fig. 2). There was Doppler evidence of 
pulmonary regurgitation. The other valves all ap- 
peared to be normal. She had a mild normochromic 
normocytic anaemia of 11-3 g/dl and a white blood 
cell count of 10-1 x 10°/1. Two blood cultures out of 
six grew Escherichia coli. She was obliged to return 
immediately to Greece, where she was treated with 
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Pulmonary valve endocarditis 





Fig. 2 
pulmonary valve. The pulmonary cusps are abnormally 
thickened and there is an echodense mass attached to one of 
them. Ao, aorta; PA, pulmonary artery. 


Parasternal short axis section at the level of the 


streptomycin and penicillin for 40 days and made a 
full recovery. Repeat blood cultures were negative. 


Discussion 


The right heart valves are involved in only about 5% 
of all cases of endocarditis.’ It has been suggested 
that this is due partly to the relatively low incidence 
of predisposing congenital defects on the right side 
of the heart and partly to the lower risk of endo- 
thelial damage because of lower intracardiac pres- 
sures.* Thus, infections on normal right sided valves 
are generally due to virulent organisms, or as a result 
of heavy inoculations from contaminated intra- 
venous injections, notably in drug addicts. 

Staphylococcus aureus is the organism most com- 
monly found in pulmonary valve endocarditis. « 
haemolytic streptococci, and several less common 
organisms, such as Pseudomonas, are also found.>~ $ 
Escherichia coli, as in this case, is rare but has been 
reported before. ” 

For reasons that are unexplained, the pulmonary 
valve is affected in 18-25% of cases of gonococcal 
endocarditis.* ° With this exception, subacute bacte- 
rial endocarditis rarely affects the pulmonary valve 
even in cases in which there is gross infection of 
other right sided structures. In Johnson et al’s re- 
view of subacute bacterial endocarditis in children, 
the pulmonary valve was involved in only five of 149 
cases.!° 

The risk of endocarditis on the pulmonary valve is 
increased in the presence of a congenital abnormal- 
ity or with acquired endothelial damage. The risk of 
endocarditis in congenital pulmonary stenosis has 
been estimated to be 0-2 cases per 1000 patient- 
years.'' Pulmonary endocarditis has also been re- 
ported in Fallot’s tetralogy.'? Indwelling catheters 
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can cause endothelial damage; in Rowley er al’ 

study of 55 patients dying after right heart cath 
eterisation, three had vegetations on the pulmonar 
valve.” The endothelium can also be damaged by 

high velocity blood jet. In Gersony and Hayes 
series, five patients had subacute bacterial endo 
carditis associated with a ventricular septal defect 
two with vegetations around the margin of the defec 
and three with vegetations on the aortic valve 
whom had additional lesions on the tricuspid and 
pulmonary valves.'' Bain er al’s study of right sided 
endocarditis included only one patient with a ven 
tricular septal defect, who had vegetations at the 
sites of impact of jet lesions on the tricuspid valve 
and in the right ventricle.'* Endothelial damage was 
most probably the disposing lesion in our case, in 
which the ventricular septal defect was situated just 
below the pulmonary valve. 

The paucity of echocardiographic reports of pul 
monary endocarditis results partly from the rarity of 
the condition and partly from difficulty in visual- 
ising the pulmonary valve. M mode recordings have 
demonstrated a shaggy appearance of the valve in 
diastole, with or without prominent 
fluttering.'*~'® The few cross sectional echo 
cardiographic studies have shown flail leaflets and 
direct visualisation of vegetative masses.’ '*'” We 
believe that our case is the first in which an associ 
ated ventricular septal defect has been visualised by 
echocardiography. There is, however, a report of the 
echocardiographic diagnosis of pulmonary endo 
carditis where a small ventricular septal defect was 
subsequently shown at operation,'* 

Subacute bacterial endocarditis must be diag- 
nosed on clinical and bacteriological grounds, but 
echocardiography is valuable in detecting associated 
valve lesions. Modern echocardiographic machines 
can detect vegetations with diameters of > 2-3 mm 
The addition of Doppler echocardiography provides 
a highly sensitive method for detecting regurgitant 
lesions. We found that the technique demonstrated 
the presence of pulmonary regurgitation and 
confirmed the site of the ventricular septal defect in 
a case in which the cross sectional images were only 
of moderate quality. 


one of 


systolic 


We are grateful to Dr Aubrey Leatham for permis 
sion to report his patient and to Dr John Kostarelos 
who provided details of the follow up 
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Echocardiographic demonstration of free wall 
vegetative endocarditis complicated by a pulmonary 
embolism in a patient with ventricular septal defect 


F ZIJLSTRA, P FIORETTI, J RT C ROELANDT 


From the Department of Clinical Echocardiography, Thoraxcenter, Erasmus University and University 
Hospital Dijkzigt, Rotterdam, The Netherlands 


SUMMARY A defect in the muscular part of the interventricular septum in a 19 year old man was 
complicated by infective endocarditis caused by Staphylococcus aureus. The lesion was a large 
right ventricular free wall vegetation which embolised to the lungs. The vegetation was displayed 
by cross sectional echocardiography, which also confirmed the clinical diagnosis of ventricular 
septal defect. This case confirms the concept that the jet stream causes endocarditis at its point of 
impact. After six weeks’ treatment with antibiotics the ventricular septal defect was repaired at 


operation. 


Infective endocarditis is a rare complication of ven- 
tricular septal defects. Its incidence is estimated to 
be 2-2 per 1000 patient-years.’ ? Various sites may 
be involved—the tricuspid and pulmonary valves, 
the right side of the septal defect opening, less com- 
monly the left side of the defect, and the site of im- 
pact of the jet stream on the right ventricular free 
wall (jet lesion). We report a patient with a large 
right ventricular free wall vegetation that was com- 
plicated by pulmonary embolism. 


Case report 


A 19 year old man who was known to have a cardiac 
murmur since birth, became ill and complained of a 
sore throat, malaise, and anorexia with a 5 kg weight 
loss. He had a temperature up to 40°C. His general 
practitioner prescribed antibiotics. He remained 
febrile and some days later he was referred to our 
department by his community hospital. On physical 
examination his temperature was 38-7°C, pulse rate 
106 beats/min, and blood pressure 120/70 mm Hg. A 
grade 4/6 pansystolic murmur was heard along the 
left sternal border. The liver and spleen were not 
palpable. Neurological examination and fundoscopy 
were normal and there were no other peripheral 


Requests for reprints to Dr F Zylstra, Thoraxcenter, University 
Hospital Dijkzigt, Rotterdam, PO Box 1738, 3000 DR Rotterdam, 
The Netherlands. 


signs indicative of endocarditis. Chest x ray and 
electrocardiogram were normal. Two blood cultures 


‘grew penicillin resistant Staphylococcus aureus. 


Treatment with oxacillin and gentamicin was 
started, his clinical condition improved, and the 
fever subsided in a week. 

Echocardiography clearly showed a defect in the 
muscular part of the interventricular septum (Fig. la 
and b) and a large vegetation on the right ventricular 
free wall (Fig.1c). On two subsequent echo- 
cardiographic examinations one and two weeks later 
the appearance of the vegetation remained un- 
changed. Four days after the third echocardiogram 
the patient suddenly experienced pleuritic pain on 
the right side. Echocardiography was repeated and 
the vegetation was no longer present (Fig. 1d). A 
radioalbumin scan of the lungs (Fig.2) showed a 
right basal perfusion defect which was not present 
on the lung scan made two weeks earlier. The pa- 
tient, however, did not develop dyspnoea, cough, 
haemoptysis, fever, or other clinical signs of pul- 
monary embolism, and the chest x ray remained 
normal. 

After he had completed a six week antibiotic 
course he underwent surgical closure of the ventric- 
ular septal defect. The surgeon did not find any in- 
fective lesions near the ventricular septal defect and 
there were no vegetations on the right ventricular 
free wall. The pulmonary and tricuspid valves were 
normal. 
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Fig.1 Cross sectional echocardiograms in a patient with a ventricular septal defect and vegetation on the right ventricular 
free wall. The defect in the muscular part of the interventricular septum is seen in the apical four chamber view (a) (arrow), 


and in the parasternal short axis view (b 


arrow). In the parasternal long axis view (c) the arrow points to a large right 


ventricular free wall vegetation, which had disappeared three weeks later (d). RV, right ventricle; LV, left ventricle; Ao, 


aorta; LA, left atrium. 


Discussion 


Infective endocarditis continues to be a serious risk 
in patients with congenital heart disease. Despite 
improved antibiotic treatment and prophylactic 
measures mortality is considerable.' * The advent 
of cross sectional echocardiography is a major ad- 
vance.* ° In our patient it confirmed the clinical di- 
agnosis of a ventricular septal defect and showed the 
right ventricular vegetation. Apart from the ventric- 
ular septal defect no other lesions of the endo- 
cardium were found. We therefore must presume 
that the vegetation on the right ventricular free wall 
was the only abnormality. This case confirms the 
concept that the jet stream causes endocarditis at its 
point of impact. Because it was felt that there was a 
risk of recurrent endocarditis on the jet lesion, the 
patient underwent closure of the ventricular septal 
defect. Operation was performed on the basis of the 
cross sectional echocardiographic findings without 





Fig.2 Radioalbumin scan of the lung in the right posterior 
oblique view. The arrow points at a right basal perfusion 
defect 
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preoperative cardiac catheterisation. This case also 
illustrates that embolisation of large vegetations to 
the lungs can pass almost unnoticed. 
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Proceedings of the British Cardiac Society 


THE 65TH ANNUAL GENERAL MEETING of the British 
Cardiac Society was held at the University of York 
on Wednesday and Thursday, 2 and 3 April 1986. 
The President, DGJULIAN, took the Chair during 
private business. 

The following were elected to the British Cardiac 
Society. 


New Ordinary Members: J Bayliss (Bucking- 
hamshire); R M Bini (Liverpool); R S Clark 
(Dundee); A J Cowley (Nottinghamshire); P A 
Crean (London); J C P Crick (London); W Culling 
(Bristol); K D Dawkins (London); A Fenech 
(Glasgow); T H Foley (Surrey); C J Foster 
(Manchester); K A A Fox (Cardiff); A G Fraser 
(Glamorgan); D J M Keenan (Manchester); C A 
Kekwick (Devon); J N Leverment (Leicester); P 
Lynch (Hampshire); D G McDevitt (Dundee); C G 
A McGregor (Newcastle); B Mittra (Sunderland); O 
J M Ormerod (Cambridge); W J Penny (Cardiff); J 
W Pidgeon (Merseyside); A P Rae (Glasgow); D R 
Ramsdale (Merseyside); M R Rees (Leeds); C J 
Reid (London); E Rowland (London); J M Rowley 
(Nottinghamshire); S Saltissi (Liverpool); M Varma 
(Fermanagh). 


New Corresponding Member: K I Shine (Los An- 
geles). 


New Extraordinary Members: ] M Barber, H H Ben- 
tall, J F Goodwin, C B Henderson, D Mendel, E G 
Wade, W Whitaker. 


Resignations: K Bloor, I M Hill, F S Jackson, R B 
Milstein. 


Death: F Szekely. 


Elections 

E Sowton, President-Elect; J Coltart elected Secre- 
tary; D J Parker elected Treasurer; R H Swanton 
elected Assistant Secretary; M Joy and T Treasure 
elected to Council. 


Abstracts of papers 


Arrhythmias before and after anatomical cor- 
rection of transposition of the great arteries 


R Martin, Rosemary Radley-Smith, M H Yacoub 
Harefield Hospital, Harefield, Middlesex 


Ninety two patients were studied after anatomical - 
correction of tranposition of the great arteries. Fifty 
four patients underwent primary correction, and 38 
patients had two stage correction. Forty one patients 
had 24 hour ambulatory electrocardiograph record- 
ings performed before any operative procedure. 
Thirty four (83%) patients showed sinus rhythm 
alone, one (24%) showed infrequent supra- 
ventricular extrasystoles, one (2.4%) showed a short 
episode of atrial fibrillation, five (12:2%) showed 
modified Lown grade 1 ventricular extrasystoles, 
and one (2-4%) showed an episode of ventricular 
tachycardia. Thirty one recordings in 20 patients 
after the first stage of a two stage repair showed no 
significant change in the frequency of any arrhyth- 
mias. No cases of late symptomatic arrhythmia or 
arrhythmia associated death occurred during a mean 
of 3-1 years follow up. Recordings immediately 
before discharge from hospital were performed in 47 
patients. Supraventricular extrasystoles were seen in 
13 (28%) patients and ventricular extrasystoles in 20 
(42-5%), of which 14 (29-8%) were Lown grade 1 
and six (12-8%) were Lown grade 3. One patient was 
in atrial fibrillation and one had paroxysmal atrial 
flutter. The latter patients required short term treat- 
ment with amiodarone. Sixty five recordings in 56 
patients between three and 60 months after cor- 
rection have demonstrated a low incidence of serious 
arrhythmias—-38 (58%) showed sinus rhythm alone, 
16 (25%) infrequent supraventricular extrasystoles, 
and 13 (20%) ventricular extrasystoles (11 Lown 
grade 1, one grade 3, and one grade 4). One early 
patient developed complete heart block post- 
operatively. In conclusion, there is a low incidence of 
important arrhythmias and late death after ana- 
tomical correction. 


Natural history and prognosis of fetal tachy- 
cardias 


E J Ladusans, Dianne Crawford, Lindsey Allan, 
M Tynan, P V L Curry 
Guy’s Hospital, London 
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Fetal tachycardia was diagnosed by echo- 
cardiography in 13 patients who have now been fol- 
lowed up for a mean of 2-9 years (range 1-1-3-8). 
Average gestational age at diagnosis was 35 weeks 
(range 32-38). Atrial flutter (AF) was found in six 
patients (four with hydrops fetalis), atrial tachy- 
cardia (AT) in two, and paroxysmal supraventricular 
tachycardia (SVT) in five (two hydropic). Cardiac 
structure was normal in all cases. To control ventric- 
ular rate (that is, below 200 beats/min) 11 received 
prenatal treatment with digoxin and two of these 
required verapamil in addition. One neonate with 
severe hydrops and SVT died shortly after pre- 
mature delivery at 36 weeks, despite postnatal 
attempts to control tachycardia. All patients were 
treated with digoxin at birth. All six with AF rever- 
ted to sinus rhythm (five before delivery) and this has 
been maintained. In four children with AF, treat- 
ment has been withdrawn without relapse (shortest 
follow up 3-1 years), Amiodarone was used success- 
fully to control refractory AT in one baby; 
unfortunately she died at 2 years from pneumococcal 
meningitis. Digoxin was withdrawn from the other 
child with AT, who has now been free from attacks 
for 3-2 years. Of four children with SVT, treatment 
has been stopped without recurrence of tachycardia 
in two. Two children remain on digoxin; one 
required the addition of verapamil to contro] break- 
through SVT, the other is symptom free (at 2-6 and 
1-6 years respectively). Aggressive intrauterine 
treatment of fetal tachycardia may prevent fetal 
hydrops, premature delivery, and neonatal death. 
The prognosis for rhythm control after birth is 
excellent. 


Ventricular septal defect and pulmonary 


hypertension (PHT): a long term follow up 
study 


K A Hallidie-Smith 
Royal Postgraduate Medical School, London 


To assess the long term efficacy of closure of ventri- 
cular septal defect (VSD) with PHT, 27 patients who 
were aged 3-12 years at operation were followed up 
for 19-27 years. All had large VSD, systemic level 
pulmonary artery pressure, and an overall left to 
right shunt, and 25 had a pulmonary arteriolar 
resistance of >8 units. All patients were repeatedly 
examined clinically and by ECG and chest x ray and 
had at least two postoperative cardiac cathe- 
terisations with measurement of pulmonary arte- 
riolar pressure at rest and on effort. Most patients 
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had respiratory function tests, two stage exercise 
testing, 24 hour Holter monitoring, and cross sec- 
tional echocardiograms. In 1975 all were symptom 
free, very active, and had normal respiratory and 
exercise tests. However, only four had normal rest- 
ing pulmonary artery pressure and in 16/16 this was 
abnormally raised on effort. By 1985 six patients had 
died (aged 17-32 years, and 14-21 years after oper- 
ation) and three patients had symptoms. The other 
patients were symptom free and two women had 
children. The patients died in severe right heart fail- 
ure within five years of first symptoms. Increasing 
heart size on chest x ray and cross sectional echo- 
cardiographic evidence of right ventricular dilatation 
and pressure overload were bad prognostic features 
preceding symptoms. Predictably the patients who 
died had severe PHT; however, three patients with 
severe PHT remain symptom free. 

The patients had an excellent quality of life while 
they were symptom free but rapidly deteriorated 
once symptoms developed. The group as a whole 
may not be living as long as reported cases of Eisen- 
menger syndrome. In many cases pulmonary vascu- 
lar disease appeared to continue to progress post- 
operatively in these patients who were all over two 
years of age when their large VSD was closed. 


Membranous supravalvar mitral stenosis: a 
potentially curable form of congenital heart 
disease 


I D Sullivan, P J Robinson, M R de Leval, 

F J Macartney, T P Graham Jr 

The Hospital for Sick Children, Great Ormond 
Street, London 


Failure to differentiate membranous supravalvar 
mitral stenosis from isolated mitral valve stenosis 
may result in undue delay of operation because the 
likelihood of mitral valve replacement is high in 
mitral valve stenosis, Fourteen patients who had 
operation for membranous supravalvar mitral steno- 
sis between 1978-85 were reviewed in an attempt to 
clarify specific echocardiographic features which 
might facilitate early diagnosis. Ages ranged from six 
weeks to 13 years. Associated lesions included ven- 
tricular septal defect (7), left superior vena cava (6), 
coarctation (5), subaortic stenosis (3), and atrial sep- 
tal defect (1). Twelve patients had the membrane 
excised, and two patients with associated mitral 
valve stenosis required valve replacement. There 
were no operative deaths. Review of preoperative 
cross sectional echocardiograms which were avail- 
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able in 11 patients allowed retrospective diagnosis of 
membranous supravalvar mitral stenosis in 10 
patients. Membranous supravalvar mitral stenosis 
had been recognised in only five of these pre- 
operatively, There were two types of membranous 
supravalvar mitral stenosis: in seven patients the 
membrane was adherent to the valve and visible only 
in isolated diastolic frames. In the second type (three 
patients) there was clear separation between the 
membrane and valve leaflets'in diastolic frames with 
systolic apposition of the valve leaflets and the mem- 
brane. Of 11 patients followed for >1 year nine are 
alive. Eight are symptom free and seven have no 
evidence of left ventricular inflow obstruction. 
Patients with evidence of left ventricular inflow 
obstruction should have extensive cross sectional 
echocardiographic evaluation to detect membranous 
supravalvar mitral stenosis which may be amenable 
to operation without valve replacement. 


Chronic enalapril treatment reduces myo- 
cardial noradrenaline response to exercise in 
heart failure 


I P Mulligan, A G Fraser, V G Tirlapur, M J Lewis, 
AH Henderson 
University of Wales College of Medicine, Cardiff 


In congestive heart failure exercise tolerance and 
mortality are related to sympathetic activity. Angio- 
tensin converting enzyme inhibitors may reduce the 
arrhythmias which contribute to mortality, perhaps 
by reducing sympathetic drive as reflected by plasma 
noradrenaline concentrations or myocardial nor- 
adrenaline release.. The effects of treatment for six 
weeks with enalapril (20 mg/day) or placebo were 
investigated in a double blind crossover study of 14 
men with congestive heart failure refractory to con- 
tinuing digoxin and diuretic treatment. Eleven had 
ischaemic heart disease and three had congestive car- 
diomyopathy; the radionuclide ejection fraction was 
20(2) (mean (SE)). Exercise tolerance was assessed 
by the symptom limited duration of a standard pro- 
tocol bicycle test. At peak exercise, enalapril com- 
pared with placebo reduced myocardial nor- 
adrenaline release by 88% from 92-5 (40-2) ng/min 
(p<0-05), arterial noradrenaline by 3% from 
1345 (187) pg/ml (NS), and coronary sinus flow by 
16% from 240 (22) ml/min (NS). At rest, enalapril 
reduced these variables respectively by 55% from 
20-2 (22-6) ng/min, by 1% from 871 (222) pg/ml, and 
by 6% from 142 (14) ml/min (all NS)-Exercise toler-. 
ance was not significantly altered (—6% from 
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615 (77)s), but the double product at peak exercise 
was reduced by 21% from 21292 (1758) mm Hg/s 
(p<0:05). Transmyocardial arteriovenous oxygen 
difference was reduced by 12% from 14-2 (0-6) ml/dl 
(p<0-05) and myocardial oxygen consumption by 
26% from 35:2 (5-0) ml/min (NS). 

This study provides direct evidence that chronic 
enalapril treatment reduces myocardial sympathetic 
stimulation during exercise in association with 
reduced myocardial workload. 


maet 


Haemodynamic effects of frusemide in the 
presence and absence of angiotensin con- 
verting enzyme inhibitors 


J G F Cleland, G Gillen, H J Dargie 
Cardiac Department, Western Infirmary, Glasgow 


Angiotensin converting enzyme (ACE) inhibitors 
are usually prescribed with diuretics in patients with 
heart failure yet little is known about their inter- 
action especially in relation to renal and cardiac 
function. We measured glomerular filtration rate 
(GFR), renal blood flow, and plasma volume radio- 
isotopically, cardiac output by Doppler echo- 
cardiography, and serum and urine composition over 
six hour periods in twelve patients with cardiac fail- 
ure on a fixed sodium and potassium intake, before 
and after frusemide (80 to 120mg) and after one 
week of enalapril 10mg daily. Enalapril alone 
increase cardiac output (3:0(1) to 3-4(1) l/min; 
p<0-05) and reduced mean blood pressure slightly 
(90 (5) to 85 (4) mm Hg; p<0-01). Renal blood flow 
rose (424(202) to 494(225) ml/min; p<0-08) but 
GFR did not change (70 (27) and 69(27) ml/min); 
consequently the filtration fraction fell (33(14) to 
26 (6)%3; p<0-05). With frusemide the addition of 
enalapril also increased cardiac output (3-1 (1-1) to 
3-6 (1-0) I/min; p< 0-01) and reduced blood pressure 
(87 (5) to 79 (4) mm Hg; p < 0-001). Renal blood flow 
increased to a greater extent (463 (216) to 579 (211) 
ml/min; p<0-02) but GFR declined (70(27) to 
63 (26) ml/min; p<0-001) so that the filtration frac- 
tion fell markedly (30(9) to 19(5)%; p<0-001). 
Enalapril without frusemide had no effect on urine 
volume but reduced the diuretic response to frus- 
emide from 1-21 per 6 hours to 0-81 (p<0-001). 
Plasma volume increased (3-4 to 3-71; p<0-02) and 
body weight by 1:2 (0-5) kg over the one week treat- 
ment period. Enalapril inhibited the increases in 
angiotensin II, aldosterone, and noradrenaline 


-:-induced:by. frusamide. ACE inhibitors appear to 


unmask the renal vasodilator effects of frusemide. 
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The reduced filtration fraction suggests that the 
increase in renal blood flow after ACE inhibitors is 
due to a reduction in angiotensin II mediated 
efferent arteriolar constriction which is enhanced by 
stimulation of the renin angiotensin system by 
potent diuretics leading to an accentuation of the 
renal effects of ACE inhibitors. 


Absorption of intramuscular human recom- 
binant tissue type plasminogen activator 
(rt-PA) facilitated by methylamine: potential 
applications for coronary thrombolysis 


K A A Fox, A K Robison, R U Rodriguez, 

L E Fields, S S Sarnoff, B E Sobel 

University of Wales College of Medicine, Cardiff; 
and Washington University, St Louis, Missouri, 
USA 


Expeditious administration of intramuscular (im) t- 
PA after infarction may maximise salvage of the 
myocardium with minimal systemic proteolysis. We 
have previously induced coronary thrombolysis with 
intracoronary or intravenous t-PA or with im t-PA 
by enhancement of absorption with hydroxylamine 
and electrical field stimulation. However, hydroxy- 
lamine induces transient haemodynamic effects and 
methaemoglobinaemia. In this study we character- 
ised factors influencing im absorption of t-PA and 
the potential utility and toxicity of: analogues of 
hydroxylamine (HA) in 109 rabbits. Absorption was 
measured after im injection of 1-5-13-0 mg/kg of rt- 
PA (50mg/ml) in solution with HA (2-6~175 mg, 
n=25), in hypertonic media (0-63 mol/l sodium 
chloride, n=2), with vasodilators (0-01 mol/l ade- 
nosine or 0:09 mol/l hydralazine, n=5), with ana- 
logues of HA (n= 72) or t-PA alone (n =5). Methyl- 
amine was particularly effective, lacked the 
haemodynamic effects associated with HA, and was 
not associated with methaemoglobin production. 
Methylamine plus field stimulation elicited func- 
tionally active blood levels of t-Pa within 5 minutes 
of injection that were of similar magnitude to those 
achieved with HA (200 vs 361 ng/ml for 1:5 mg t- 
PA/kg, n=12), with 20% blood activity remaining 
after 30 minutes. Only modest inflammation and 
interstitial haemorrhage were evident micro- 
scopically at the injection site after 48 hours. Vaso- 
dilators, hypertonic media, reduced amounts of HA 
or rt-PA alone led to much lower blood levels of 
rt-PA (14, 65, 46, 4ng/mi/mg rt-PA respectively). 
Thus enhancement of absorption of t-PA with 
methylamine leads to dose dependent effective 
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(fibrinolytic) blood levels of rt-PA after im injection 
(200 to 954ng/ml) without the potentially delete- 
rious effects associated with other absorption 
enhancing agents. 


Treatment of end stage heart failure by 
ultrafiltration 


L Donato, A Biagini, C Contini, A PAbbate, 
M Emdin, M Piacenti, R Palla 

CNR Institute of Clinical Physiology, Institute of 
Medical Pathology, Haemodialysis Unit-2nd Medi- 
cal Clinic, University of Pisa, Pisa, Italy 


Seven patients (6 male; age range 36-73 yr) ın end 
stage heart failure were treated by ultrafiltration of 
venous blood through a polyacrylonitrile membrane 
(L-1 mĉ; cutoff point MW 20000). All patients were 
in class IV NYHA with primary congestive cardio- 
myopathy (2 cases) or ischaemic heart disease (5 
cases); all had been treated with inotropic (1), 
diuretic (D), and vasodilator (V) agents in different 
combinations and had shown diminished response to 
drugs (despite increasing dosages), ingravescent oli- 
guria, gain in body weight, and refractory oedema. 
One to five sessions of ultrafiltration were performed 
over a maximum of nine days with a body weight loss 
of 3-5 to 14-7 kg. Clinical improvement (respiratory 
distress and oedema) occurred rapidly; heart failure 
reappeared ın one patient two weeks after 
ultrafiltration, and death followed in a few days; a 
second patient had a successful heart transplantation 
three weeks after ultrafiltration; in the remaining five 
treatment with I/D/V at moderate dosage was 
resumed after ultrafiltration and a pronounced clin- 
ical improvement (NYHA II/III) was maintained. 
One patient died a year later from stroke, and four 
are still alive 3, 6, 9, and 21 months after 
ultrafiltration treatment. 

These data suggest that in end stage heart failure 
ultrafiltration may help in restoring the response to 
medical treatment and in improving clinical state in 
cases where heart transplantation is not immediately 
accessible or not indicated. 


Neuroendocrine mechanisms in acute myo- 
cardial infarction 


H M McAlpine, I N Findlay, G Gillan, Esther 
Henderson, J T Wilson, H J Dargie 
Cardiac Department, Western Infirmary, Glasgow 
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In acute myocardial infarction inappropriate or 
excessive neuroendocrine activation may have 
important physiological consequences; little is 
known about the relation between the magnitude of 
such stimulation and the extent of myocardial dys- 
function. We investigated the extent of activation of 
the renin-angiotensin system in 36 consecutive 
patients after myocardial infarction. Left ventricular 
ejection fraction (LVEF) was assessed by gated 
radionuclide ventriculography within 6 hours of the 
onset of symptoms and plasma active renin and cate- 
cholamines were measured on admission and again 
on day 3. Mean renin concentration was 70-4 uU/ml 
(range 4-549) on admission with similar concen- 
trations in uncomplicated cases (group 1, n=25) and 
in heart failure (group 2, n= 11; 73-4 (23) vs 63 7 (22) 
(SEM)). LVEF was lower in group 2 (23 vs 35%; 
p<0-005) in whom peak creatine kinase concen- 
tration were higher (3250 vs 2190 U/l; p<0-05). 
Renin concentrations were within the normal range 
(10-50 pU/ml) in 23/36 patients on admission com- 
pared with only 6/36 on day 3. Mean renin rose to 
251(115) wU/ml but was significantly higher in 
group 2 than in group 1 (591 vs 103; p<0-05). 
Catecholamine concentrations were raised on 
admission—adrenaline 1:7(0:6) nmol/l (normal 
range, undetectable-0-2), noradrenaline 3-6 (0-95) 
nmol/l (normal range 0 8-3-0), with higher concen- 
trations in group 2 than in group 1 (3-68 os 0-51 
(p<0-01) and 6-35 vs 1-93 (p<0-02) respectively). 
By day 3, although catecholamine concentrations 
had fallen, noradrenaline concentrations remained 
significantly higher in the patients with heart 
failure—4-83 vs 1-62nmol/]; (p<0-001). Thus 
significant activation of the renin-angiotensin and 
sympathetic nervous systems occurs in myocardial 
infarction, particularly in those with extensive 
infarcts leading to heart failure, but renin remains 
raised in many uncomplicated cases and this might 
not be wholly beneficial for tissue perfusion and 
myocardial function. 


Changes in nuclear magnetic resonance dur- 
ing the first two weeks after myocardial 
infarction in man 


M Been, M A Smith, J P Ridgway, J J K Best, 
D P de Bono, A L Muir 
Royal Infirmary, Edinburgh 


The magnetic resonance parameter t, (spin lattice 
relaxation time) of myocardium increases after coro- 
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nary occlusion of 30 min in dogs and increases fur- 
ther with occlusion of 2-3 hours. Changes are more 
pronounced if reperfusion is allowed. These changes 
correlate with myocardial water content. Our pre- 
liminary studies demonstrated increases in t, after 
myocardial infarction in man with values above 
390 ms (normal 305(25) ms). We now report t, 
changes during the 14 days after myocardial 
infarction, comparing patients with (n=23) and 
without (n=11) coronary reperfusion. Patients were 
imaged in a low field resistive imager (0-08 tesla) and 
tı maps were obtained for 16mm transverse and 
coronal sections. For analysis the myocardium was 
divided into six standard regions of interest for each 
section. Thirty three of the 34 patients studied 
within two weeks of infarction had a t, value above 
390 ms; at day 1-3 the maximum t, was 413 (29) ms 
(n=23) compared with 430(41) ms (n=22) at day 
4-7 and 436 (40) ms (n= 24) at day 8-14. Four of the 
23 patients studied at day 1-3 had normal t, values 
which subsequently became abnormal. The number 
of regions with an increased t, at each interval was 
2°0(1:5), 2:6 (2:4), and 2-8(1-9) respectively. There 
was no significant difference between patients with 
or without reperfusion. The delayed increase in t, 
mirrors the reparative process and events other than 
oedema must also influence this relaxation para- 
meter. 


Placebo controlled investigation of anisoy- 
lated plasminogen streptokinase activator 
complex (APSAC) for thrombolysis in acute 
myocardial infarction 


AD Timmis, B Griffin, J C P Crick, E Sowton 
Guy’s Hospital, London 


Anisoylated plasminogen streptokinase activator 
complex (APSAC) is a new agent designed to pro- 
duce thrombclysis without a major effect on systemic 
coagulation variables. This report describes the first 
placebo controlled double blind reperfusion study of 
APSAC in acute myocardial infarction. Unequivocal 
documentation of reperfusion was provided by coro- 
nary angiography before and after the drug inter- 
vention. Twenty patients with acute transmural 
infarction underwent coronary angiography 3-0 (1-1 
hours after the onset of symptoms. This demon- 
strated total occlusion of the infarct vessel in 16 
cases. The patients were then randomised to intra- 
venous APSAC 30mg (n=9, group A) or placebo 
(n=7, group B) 3-2(1-1) hours after the onset of 
symptoms. Repeat angiography 90 minutes later 
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demonstrated reperfusion in six of group A but in 
none of group B (p<0-05). Reperfusion was associ- 
ated with an early peak in serum creatine kinase 
(9:6 (3:9) vs 21:7 (4:7) hours) (p <0-05). Full cardiac 
catheterisation was undertaken at three days to guide 
subsequent management. Persistent luminal patency 
was present in all but one of the six patients with 
early reperfusion and three additional patients 
showed late reperfusion (two group A, one group B). 
No haemorrhagic complications occurred during the 
study. One patient from group B died ın intractable 
heart failure. These preliminary data confirm the 
thrombolytic efficacy of APSAC in acute myocardial 
infarction and indicate that the drug may be used 
safely by the intravenous route with a 66% early 
reperfusion rate. 


Analysis of electrocardiographic changes 
occurring during thrombolytic therapy for 
acute myocardial infarction 


S G Richardson, Patricia Morton, J G Murtagh, 
ME Scott, D B O’Keeffe 
Cardiac Unit, Belfast City Hospital, Belfast 


Electrocardiograms from 100 patients on throm- 
bolytic treatment for coronary thrombosis were 
reviewed. Two groups were identified—-52 patients 
(52%) showed abrupt reduction 60-120 minutes 
after treatment in both ST segment (p<0 01) and T 
wave height (p<0-01) with resolution of reciprocal 
changes. These changes did not occur in the remain- 
ing 48 patients (48%). Atrial fibrillation, ventricular 
extrasystoles, tachycardia, and fibrillation were 
evenly distributed throughout the two groups. Idio- 
ventricular rhythm occurred in 16 patients; 13 of 
these patients had simultaneous ST and T wave 
changes. At arteriography open infarct related arte- 
ries were found in 47 patients (94%) in the group 
with clear electrocardiographic changes and in 29 
(60-4% ) of those with no change. Open arteries were 
also present in 14 of 15 patients (93%) showing idio- 
ventricular rhythm. Two patients were excluded 
from analysis because of obvious clinical re- 
occlusion. A trend in ejection fraction was seen; val- 
ues were highest in patients with clear electro- 
cardiogram change (46:9% ) and lowest in those with 
occluded arteries (42:2%). 

After thrombolysis for infarction 52% of patients 
show clear abrupt change in ST elevation and T 
wave height. These changes were 79% specific and 
63:5% sensitive for coronary re-opening as judged 
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by angiography. Idioventricular rhythm was a fre- 
quent and highly specific (96%) indicator of coro- 
nary re-opening; however, it was relatively insen- 
sitive (22%). A trend towards improved left 
ventricular function was seen in patients with clear 
abupt electrocardiogram changes. Careful scrutiny 
of routine 12 lead electrocardiograms provides use- 
ful and accurate information relating to myocardial 
reperfusion after thrombolytic treatment. 


Changes in left ventricular regional asyn- 
chrony after intracoronary thrombolysis 


D G Gibson, H Mehmel, F Schwarz, K Li, 

W Kübler 

Brompton Hospital, London, and University Medi- 
cal Clinic Heidelberg, West Germany 


To study changes in asynchronous left ventricular 
wall motion after intracoronary thrombolysis, ven- 
triculograms were obtained before and 4-3 (2:5) 
weeks after lysis in 23 patients treated within 
3-5(3-1) hours of the onset of pain. Lysis was 
achieved in 19, and patency was maintained at 
restudy in 16. Angiograms were digitised frame by 
frame, LV volumes, ejection fraction, and peak ejec- 
tion rate were unchanged, and peak filling rate fell 
whether or not the artery was patent. Regional wall 
motion was studied by means of isometric and con- 
tour plots. The affected area showed simple hypo- 
kinesis in 10 patients, which was unchanged at 
restudy in nine and improved m one. Delayed 
inward motion during isovolumic relaxation was 
present in 14 cases, with or without additional hypo- 
kinesis; 1t improved in eight and returned to normal 
in six—more often than it did in simple hypokinesis 
(p<0-02). Dyskinesis (three cases) and hyperkinesis 
(five cases) resolved in all. Outward motion during 
isovolumic relaxation reverted to normal in four of 
five cases, and outward motion reverted to normal 
during isovolumic contraction in five of seven. 
Improvement was more frequent when the affected 
artery was uncompromised by residual stenosis 
(p<0-01). Arterial flow was re-established and 
maintained more often when the affected area 
showed asynchrony rather than simple hypokinesis 
(p <0:025). Conclusions: (1) Asynchronous motion 
is the commonest regional abnormality early after 
coronary artery thrombosis. (2) Its increased fre- 
quency of recovery confirms that it represents 
residual contractile activity. (3) Its presence 
increases the chance of flow being re-established 
with lysis in the affected coronary artery. 
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Trial of early nifedipine treatment in patients 
with suspected myocardial infarction (the 
TRENT study) 


R G Wilcox, J R Hampton, D C Banks, J Birkhead, 
I Brooksby, C Burns-Cox, M J Hayes, M Joy, 
AD Malcolm, H G Mather, J M Rowley 

TRENT Co-ordinating Centre, Department of 
Medicine, University Hospital, Nottingham 


Approximately 9000 consecutive patients admitted 
with suspected myocardial infarction to coronary 
care units (CCU) in nine hospitals were considered 
for admission to a randomised double blind study 
designed to compare the effect on mortality of nife- 
dipine 10 mg four times a day with that of placebo 
treatment. 4700 patients were excluded but were 
nevertheless followed and their overall fatality rate at 
one month was 18%. 4488 patients were randomly 
allocated to nifedipine or placebo treatment which 
started immediately after assessment in the CCU, 
and the groups proved to be well matched. 64% of 
patients in both treatment groups sustained an acute 
myocardial infarction. 595 (26%) of the 2238 
patients allocated to nifedipine treatment were with- 
drawn from the study as were 562 (25%) of the 2250 
patients allocated to placebo treatment. All the 
patients were followed for one month, the duration 
of the study period. 150 (6-7%) of the patients ini- 
tially allocated to nifedipine treatment died in the 
first month, compared with 141 (6-2%) of those ini- 
tially allocated to placebo. The one month infarct 
mortality rates were 10:2% and 9:2% respectively. 
By “intention to treat” analysis there was. thus an 
increase in overall mortality of 8% in the nifedipine 
group (95% confidence intervals +30% to — 14%). 
Although this result embraces a small potential 
benefit from nifedipine treatment the trial was dis- 
continued on the advice of the ethical committee who 
considered that it was unlikely that a statistically 
confident beneficial effect would be demonstrated if 
the trial were continued. Analysis of the subgroups 
formed when the results were available did not sug- 
gest that any group of patients with suspected myo- 
cardial infarction might benefit from early nifedipine 
treatment. 


Impaired right ventricular function following 
transvenous fulguration of atrioventricular 
conduction 


P M Schofield, R J Bowes, G Lawrence, M Prescott, 
N Brooks, D H Bennett 


Proceedings of the British Cardiac Soctety 


Regional Cardiac Centre, Wythenshawe Hospital, 
and Department of Nuclear Medicine, Manchester 
Royal Infirmary 


After transvenous fulguration of atrioventricular 
(AV) conduction, 13 of 22 patients who had had no 
evidence of structural heart disease before the pro- 
cedure complained of exertional dyspnoea. Patients 
were aged 19—63, 17 were female, and 16 had had AV 
re-entrant tachycardia. Resting right and left ven- 
tricular ejection fractions (RVEF and LVEF) were 
blindly measured by radionuclide angiography 
10-42 months after fulguration. RVEF was 
significantly lower in patients who complained of 
exertional dyspnoea (33-8 (8-4)%, mean (SD), range 
21-48% ) than those who remained free of dyspnoea 
(40-5 (4:1%), range 37-48%, p<0-05) and also com- 
pared with a control group of eight subjects with no 
cardiorespiratory disease (41-9(7-0)%, p<0-05). 
There was no difference in LVEF between patients 
who complained of dyspnoea (52:5(13-8)%) and 
those who did not (52-6 (5-0)%). Similarly, there was 
no difference in the number of shocks (1-9 (0-9) and 
2-1(0-6)) or total energy delivered (658 (291) J and 
711(198) J respectively) between the two groups. 
Exercise capacity (Bruce protocol) as a percentage of 
predicted normal value was significantly lower in 
patients who complained of dyspnoea (51(24)% vs 
81(13%), p<0-01). We conclude that right ventri- 
cular function may be impaired in some patients 
after tranvenous fulguration of AV conduction and 
that this may contribute to their reduced exercise 
capacity and exertional dyspnoea. 


Three deaths after attempted high energy 
catheter ablation of ventricular tachycardia 


D W Davies, A W Nathan, A J Camm 
St Bartholomew’s Hospital, London 


Catheter ablation of ventricular tachycardia (VT) 
may abolish VT without the need for drugs or oper- 
ation. However, the extent of the damage produced 
is unpredictable. Three cases of VT that illustrate 
potential problems of this treatment are described. 
All these patients were refractory to antiarrhythmic 
drugs and two were not suitable for surgical 
resection because of poor left ventricular (LV) func- 
tion resulting from myocardial infarction (MI). The 
first patient kad right ventricular (RV) dysplasia and 
VT originating from the RV outflow tract that was 
provoked only by strenuous exercise. After two 
attempts at catheter ablation with up to 400 J, the VT 
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on exercise was reduced to four beats. Two weeks 
later he suddenly became dyspnoeic and dizzy on 
mild exertion and died, The second patient had an 
LV aneurysm and incessant VT originating from the 
apical septum with earliest activation on the RV 
aspect. A transseptal shock of 200J was un- 
successful so 360J was delivered to the RV apical 
septum. The patient collapsed within minutes of this 
procedure. Cardiac tamponade was confirmed at 
necropsy without any discernible damage to the 
fibrotic LV septum. The third patient developed 
incessant fascicular tachycardia after a second MI. 
On four occasions, multiple DC shocks of up to 360 J 
were delivered both to the region of the posterior 
fascicle and the His bundle. Although it was initially 
suppressed, fascicular tachycardia returned and, 
after the last procedure, it was accompanied by par- 
oxysmal ventricular flutter. Despite combination 
drug treatment the patient died suddenly two 
months later. Catheter ablation should be avoided at 
the RV apex, it may be ineffective on fibrotic endo- 
cardium, and can provoke malignant ventricular 
arrhythmias. It should be reserved for patients in 
whom other treatment is either ineffective or unsuit- 
able. 


Assessment of the haemodynamic con- 
sequences of varying pacemaker modality by 
Doppler ultrasound 


I A Simpson, A B Houston, A C Rankin, A P Rae 
University Department of Medical Cardiology, 
Royal Infirmary, Glasgow 


Doppler ultrasound was used to assess the hae- 
modynamic consequences of varying pacing modali- 
ties in 10 patients during electrophysiological study. 
Cardiac output estimation, by a previously validated 
Doppler method, was made-during atrial, ventricu- 
lar, and atrioventricular sequential pacing at cycle 
lengths of 400ms up to 800ms. Atrioventricular 
intervals for sequential pacing ranged from 50 ms to 
250 ms. Examination was performed with a Vingmed 
Alfred Doppler velocimeter with spectrum analysis 
and separate cross sectional echocardiographic imag- 
ing. Cardiac outputs were significantly lower during 
ventricular pacing (4:1 (1-5) I/min) compared with 
either atrial (5-1 (1:5) l/min, p<0-005) or optimal 
atrioventricular sequential pacing (5 4(1-6) l/min, 
p<0-001). Varying the atrioventricular interval pro- 
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duced changes in cardiac output at each cycle length; 
these were more pronounced at shorter cycle lengths 
(mean change 12% at 700 ms and 21:5% at 400 ms, 
p<0-001), The atrioventricular interval giving opti- 
mal cardiac output was unpredictable, varying with 
cycle length and between individuals. In conclusion, 
Doppler ultrasound can provide a simple non- 
invasive method of determining the haemodynamic 
consequences of intracardiac pacing, with the poten- 
tial to predict the optimal pacing modality in indi- 
vidual patients before permanent pacemaker 
insertion. 


Haemodynamic assessment of dual chamber 
pacing in hypertrophic cardiomyopathy using 
radionuclide ventriculography 


J Erwin, E McWilliams, G Gearty, B Maurer 
St Vincent’s Hospital, Royal City of Dublin 
Hospital, Dublin 


To assess the mechanism of haemodynamic 
improvement in patients with hypertrophic cardio- 
myopathy in whom DDD pacemakers had been 
implanted because of failure of conventional medical 
treatment, six patients (mean age 47 years, range 
22-48) were studied by gated radionuclide ventricu- 
lography in different modes of pacing. The patients 
were imaged in sinus rhythm (SR), VVI, and DDD 
modes with a three minute interval between each 
study. Measurements made were ejection fraction 
(EF), time to peak filling rate (TPFR), time to peak 
ejection rate (TPER), and percentage of stroke vol- 
ume ejected during the first third of systole. Results 
showed no difference in EF between pacing modes. 
The TPFR was 574(54) ms (mean(SD)) in SR, 
571 (37) ms in VVI mode, and 524 (22) ms in DDD 
mode. The TPER was 169(22) ms in SR, 
209 (67) ms in VVI mode, and 193(31) ms in DDD 
mode. The percentage of the stroke volume ejected 
during the first third of systole was 55 in.SR, 40 in 
VVI mode, and 45 in DDD. 

It is concluded that radionuclide ventriculography 
is a useful non-invasive method for following the 
progress of these patients; normalisation of left ven- 
tricular filling and ejection occurs with DDD pacing 
in hypertrophic cardiomyopathy; the mechanism of 
improvement is probably asynchronous left ventric- 
ular contraction with appropriately timed atrial syn- 
chrony. 
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An intra-patient comparison of ambulatory 
blood pressure during chronic DDD and VVI 


pacing 


N A Boon, A J Frew, S M Cobbe 
John Radcliffe Hospital, Headington, Oxford 


Fifteen patients (age 54-81 years) with pro- 
grammable dual chamber pacemakers (Cordis 233F 
or Biotronik Diplos 05) were randomly allocated sin- 
gle blind to DDD or VVI pacing. After an equi- 
libration period of at least four weeks each patient 
underwent an assessment of symptoms by visual 
analogue scales and a 24 hour intra-arterial ambu- 
latory blood pressure recording. The pacemaker was 
then programmed to the opposite mode and the 
observations were repeated after another period of at 
least four weeks. 12 of the 15 patients expressed a 
strong symptomatic preference for DDD pacing; 
patients also reported significantly more dyspnoea, 
fatigue, and dizziness during VVI pacing (in each 
case p<0-05, Wilcoxon rank sign test). Computer 
aided beat by beat analysis showed that blood pres- 
sure was significantly lower and significantly more 
variable during VVI pacing. The mean (SEM) day- 
time systolic blood pressure was 139-3 (3-8) mm Hg 
during DDD pacing compared with 131:3 
(4:5) mm Hg during VVI pacing (p<0-05, paired £ 
test). The median (range) standard deviation of day- 
time systolic blood pressure, an index of blood pres- 
sure variability, was 18-5(15-28) mmHg during 
DDD pacing and 24(14-31) mmHg during VVI 
pacing (p<0-005, Wilcoxon rank sign test). Hence, 
transient episodes of hypotension were more com- 
mon during VVI pacing, which may partly explain 
why the patients in general felt better during DDD 
pacing. 


Activity sensing rate responsive permanent 
cardiac pacing in very young children 


E J Ladusans, O Jones, M Tynan, P V L Curry 
Guy’s Hospital, London 


Single chamber ventricular pacemakers which can 
vary the pacing rate according to sensed physical 
activity should be especially advantageous in very 
young children in whom dual chamber physiological 
pacing is often technically difficult to achieve. Five 
young children mean age 5-8 years (range 3-3~11) 
and a two week old infant have received small single 
chamber activity sensing rate responsive pacemakers 
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(Medtronics Activitrax). The indication for pacing 
was complete heart block in all cases (four had asso- 
ciated structural heart disease). Pacemakers were 
implanted in the abdomen in five children and in the 
pre-pectoral region in one. Five patients had endo- 
cardial electrodes (including the neonate) and one 
child had an epicardial lead. In five children effort 
capacity could be determined by treadmill exercise 
tests (Bruce protocol). Duration of exercise was pro- 
longed by an average of 1-7(0-1) minutes (SEM) in 
the rate responsive mode compared with fixed rate 
demand pacing (VVI) between 70 and 90 beats/min, 
the standby VVI rate being predetermined by pro- 
gramming and using the spontaneous atrial rate as a 
guide. In the two week old baby the pacemaker was 
programmed to give maximum heart rate response 
with the lowest activity threshold. Holter mon- 
itoring showed an average ventricular rate of 
110 beats/min with a maximum of 140 beats/min. We 
conclude that even in very small children rate vari- 
able pacing in response to physical activity is feasible 
and permits more physiological heart rate responses. 


The effect of right and left ventricular function 
on early and late mortality following surgical 
repair of post-infarction ventricular septal 
defect 


P M Schofield, M Jones, R A M Lawson, 

A K Deiraniya, C Ward, C L Bray 

Regional Cardiac Centre, Wythenshawe Hospital, 
Manchester 


Preoperative investigations of 60 patients (aged 
46-73) who underwent repair of post-infarction ven- 
tricular septal defect (VSD) were reviewed to assess 
the effect of right and left ventricular function on 
early (<30 days) and late mortality. Left ventricular 
ejection fraction (LVEF) was calculated from right 
anterior oblique ventriculograms; right ventricular 
(RV) function was assessed by measuring per cent 
reduction in RV mid-cavity diameter from left ante- 
rior oblique ventriculograms. There were 23 early 
deaths and: these patients had a significantly lower 
per cent reduction in RV mid-cavity diameter 
(16-5(9-5)%, mean (SD)) than the 37 survivors 
(26-7 (10-6)%, p<0-01). There was no difference in 
LVEF (33-8 (10-2)% and 31:7 (9-7)% respectively) 
between the two groups. The 37 survivors have been 
followed up for 2~108 (mean 38) months and there 
have been 14 late deaths. There was not difference in 
per cent reduction in RV mid-cavity diameter 
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between those who died (26-0(12-2)%) and those 
who survived (27:1(9-8)%), but LVEF was 
significantly higher in the survivors (26-2 (9:3)% vs 
35-:0(8-5)%, p<0-01). Early mortality was associ- 
ated with inferior rather than anterior infarction 
(p<0-01), but the late result was not related to 
infarct site. We conclude that after surgical repair of 
post-infarction VSD, site of infarction and right 
ventricular function are major determinants of early 
mortality, whereas left ventricular function is more 
important in determining the long term prognosis. 


Ventricular function following heterotopic 
cardiac transplantation 


A G Mitchell, M H Yacoub 
Harefield Hospital, Harefield, Middlesex 


Ventricular function has been studied in 16 patients 
one year after heterotopic cardiac transplantation 
and in 11 of these after a second year. This group is 
taken from 26 patients undergoing heterotopic car- 
diac transplantation from January 1983. Five died 
early and five have not reached the first anniversary. 
Heterotopic cardiac transplantation was combined 
with aneurysmectomy in 11 and with coronary artery 
bypass graft in 12. One underwent donor excision for 
rejection after one year. All survivors have good 
exercise tolerance achieving 9:7(3:1)min and 
8-7 (3-2) min of the Bruce exercise protocol at one 
and two years. Diastolic pressures were lower in the 
donor heart with left ventricular end diastolic pres- 
sure being 11:7(6-l)mmHg in the donor and 
14-2 (4-9) mm Hg in the recipient. Mean pulmonary 
capillary wedge pressure was 12:4(4-6)mmHg 
and mean mitral valve gradient was higher for the 
donor hearts. Systolic function was better in the 
donor heart with higher peak systolic 
pressure (143(17-6)mmHg) than the recipient 
(120 (26 6) mm Hg) and a faster rise of pressure. Peak 
systolic pressure was frequently augmented when 
the ventricles contracted together. Left ventricular 
angiography showed very good donor function in 14 
at one year and nine at two years. Five patients with 
aneurysm resection showed good ejection from 
recipient ventricle to aorta, all with ejection fraction 
over 30%. One other had good ejection and four 
modest ejection from the recipient ventricle. Clot 
was present in seven recipient ventricles. Cardiac 
performance after heterotopic cardiac trans- 
plantation remains good for two years and a propor- 
tion retain significant recipient function. 
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Medial and endothelial damage can be avoided 
during surgical preparation of autologous 
saphenous vein coronary bypass grafts 


GD Angelini, A C Newby, H M J Williams, 
N Kulatilake, S Passani, I M Breckenridge 
University Hospital of Wales, Heath Park, Cardiff 


Damage to saphenous vein media and endothelium 
during surgical preparation may promote sub- 
sequent coronary vein graft occlusion. ATP concen- 
tration and ATP:ADP ratio were measured to assess 
medial function and stimulated (vortex mixing) 
prostacyclin production to assess endothelial 
function. Freshly isolated vein had 450(20) 
nmol/ATP/g, an ATP:ADP ratio of 2:-4(0:1) 
(n=38), and produced prostacyclin at 13 (1) nmol/g 
(n=52). Vein subjected to conventional surgical 
preparation (dissection, adventitial stripping, side 
branch ligation, distension at < 300 mm Hg and per- 
operative storage in patient’s heparinised arterial 
blood at 23°C, distal anastomosis following cardio- 
plegic arrest, and subsequent proximal anastomosis) 
had an ATP concentration of 260(40) nmol/g, an 
ATP:ADP ratio of 1-3(0-1) (n=16), and produced 
prostacyclin at 6-3(0-9) ng/min per g (n=14) 
(p<0-001 vs freshly isolated vein for all three varı- 
ables). Vein subjected to a modified procedure (side 
branch ligation followed by anastomosis to the 
ascending aorta using an exclusion clamp, distension 
at arterial pressure after temporary removal of the 
clamp, and distal anastomosis during subsequent 
cardiopulmonary bypass/cardioplegic arrest) had an 
ATP concentration of 480(80) nmol/g, an 
ATP:ADP ratio of 2:5(0-1) (n=8), and produced 
prostacyclin at 12(2) nmol/min g (n=11) (NS ws 
freshly isolated vein, p <0 001 ws conventional prep- 
aration for all three variables). 

Thus conventional surgical preparation damages 
both the venous media and endothelium. Damage 
can be avoided, however, with the modified pro- 
cedure. The impact of improved intraoperative pre- 
servation on graft patency may now be tested. 


Ten years’ clinical experience with the peri- 
cardial xenograft 


M I Ionescu, A P Tandon, M Chidambaram, 
N P Silverton 


Royal Halifax Infirmary and Leeds General 
Infirmary 


F10 


Since 1975, 1018 pericardial valves have been 
implanted in 741 patients. Single valve replacement 
was undertaken in 224 patients with aortic (AV), 302 
patients with mitral (MV), five patients with tri- 
cuspid valve disease, and 190 patients had multiple 
valve (DV) replacement. Of the total number of 
valves used 578 were standard and 440 low profile 
Tonescu-Shiley pericardial xenografts. Hospital 
mortality was 6-3%. The 714 hospital survivors were 
followed up for 3 to 111 (mean 51-9) months. Long 
term anticoagulants were not used. The predicted 
actuarial survival rates are 85-8(8-7)% for AV, 
84-1(7-8)% for MV, and 80-2(10-3)% for DV 10 
years after operation. Valve thrombosis was not 
observed. The actuarial freedom from embolism was 
96:4(2-7)% for AV, 96-8(2:3)% for MV, and 
97:2 (2-0)% for DV at 10 years after valve replace- 
ment; the linearised incidence being 0-55 episodes 
per cent per annum for AV, 0:62 for DV, and 0:55 for 
MV. Twenty five pericardial xenografts were 
replaced because of dysfunction (valve abrasion and 
calcification were responsible for 16 and 8 valve fail- 
ures respectively). The linearised incidence of valve 
dysfunction was 0:77 episodes per cent per annum; 
the actuarial predicted freedom from valve dys- 
fanction being 83-0(9-1)% for AV, 89-3(7-0)% for 
MV, and 82-4(11:0)% for DV 10 years after oper- 
ajon. The valve durability was 87-8 (4-9)% for stan- 
dard pericardial xenografts at 10 years and 
93-4 (0-6)% for low profile pericardial xenografts at 
5 years after valve replacement. 

These clinical experiences confirm the long term 
durability of the standard pericardial xenograft and 
the in vitro superiority of the low profile pericardial 
xenograft. 


Can left ventricular ejection fraction by cine 
computed tomography be determined by a 
single slice? 


MR Rees, R M Macmillan, V Maranhao, D L Clark 
Ejillingbeck Hospital, Leeds; and Deborah Heart 
and Lung Center, New Jersey, USA 


Cine computed tomography is a new cardiac imaging 
technique. Non-gated images can be obtained at 17 
frames/second. 27 patients were divided into two 
groups. Group 1 (10 females, 5 males, age 35-74) 
underwent cine CT in the transaxial view (no rota- 
tion no tilt). Group 2 (3 females, 9 males, age 46-70) 
had cine CT in the long axis view (20°C counter- 
c.ockwise angulation, no tilt). Contrast was injected 
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via an antecubital vein and timed for maximal 
opacification of the ventricles. The left ventricle 
(LV) was imaged in the movie mode in contiguous 
slices of 8mm thickness. End systolic and end 
diastolic frames were identified for each slice. LV 
cavity areas were determined by two methods (M, or 
M,) of edge detection (M,=unassisted visual; 
M,=setting of the Hounsfield level at half the 
difference between the contrast in the cavity and the 
myocardium with the window width at one), LVEF 
was measured by summation of end diastolic (EDV) 
and end systolic (ESV) values for each slice and by 
selecting the largest central slice by volume for ESV 
and EDV. LVEF as an average of two sinus beats 
was measured in all patients by right anterior oblique 
single plane contrast ventriculography at cath- 
eterisation using the area-length method. In group 1 
there was poor correlation between catheter EF and 
cine/CT midslice EF (M4, r=0-69, M,, r=0-76) and 
total volume EF (M,, r=0-77; M,, r=0-81). For 
group 2 there was good correlation between catheter 
EF and cine/CT midslice EF (M,, r=0-96; M,, 
r=0-93) and total volume EF (M,, r=0-96; M,, 
r=0-93), It is concluded that the view used affects 
the accuracy of the examination, that edge detection 
plays a less important role than cardiac orientation, 
and that a single slice in the long axis view can be 
used to calculate ejection fraction. 


The clinical value of a new myocardial imag- 
ing agent-——technetium-99m tertiary butyl iso- 
nitrile (Tc-99m BIN) 


MN Khalil, J R Thornback, K M Patel, M Y Early, 
G Hartley, D N Taylor, J M Berry, P J B Hubner 
Cardiology Department, Groby Road Hospital, 
Leicester 


Technetium-99m is less expensive and has a more 
favourable energy emission for scanning with a 
gamma camera than thallium-201. A new myocardial 
imaging agent, Tc-99m BIN, was studied in 50 sub- 
jects. There were five normal controls, 15 patients 
with myocardial infarction (MJ), and 30 with angina 
due to angiographically documented coronary artery 
disease (CAD). After the intravenous injection of 
between 3 to 5 mCi of Tc-99m BIN, subjects were 
scanned by means of a gamma camera with a con- 
verging collimator. In normal subjects the myo- 
cardium was clearly seen at 60 minutes at rest and at 
30 minutes when the subject was first exercised. 
Patients with MI were scanned at rest and defects in 
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myocardial uptake were clearly shown. Each patient 
with angina received thallium-201 and Tc-99m BIN 
separately after maximal treadmill exercise. Optimal 
images with Tc-99m BIN were obtained at 30 
minutes after exercise and at four hours for redis- 
tribution scans. Reversible perfusion defects were 
seen and the images with Tc-99m BIN were superior 
to those obtained with thallium-201 in the same 
patients. 

These studies suggest that T'c-99m BIN is a good 
myocardial scanning agent that may be superior to 
thallium-201. 


An objective non-invasive method for 
detecting early diastolic dysfunction in 
patients with coronary artery disease 


R Rodrigues, A Lahiri, E B Raftery 
Northwick Park Hospital and Clinical Research 
Centre, Harrow 


The demonstration of abnormal left ventricular 
(LV) diastolic function in ischaemic heart disease 
(THD) has led to renewed interest in methods of 
assessing LV function non-invasively. An automated 
method for assessing LV diastolic function from 
equilibrium radionuclide angiography with Tc-99m 
has been developed. This technique was used to 
study 30 normal subjects and 39 patients with IHD. 
ECG gating was used to collect the data in 32 frames 
per cardiac cycle with 5% gate tolerance. A second 
derivative method of edge detection was used to 
define the LV in all frames. A high resolution time- 
activity curve was then obtained from which a first 
derivative sample was generated to identify points of 
peak filling and emptying. Peak filling rate (PFR, 
EDV/s), time to peak filling rate (TPFR, ms), filling 
fraction (FF), and early filling rate (EFR) (EDV/s) 
were calculated. The mean (SEM) normal values 
were: PFR 3 1 (0 07), TPFR 168 (8), FF 0-52 (0 03), 
EFR 1-:5(0-7). These were all significantly different 
in the patients: PFR 2-0 (0-08), TPFR 197 (9), FF 
0:31 (0:2) EFR 1:0(0:06) (p<0-001, p<0-05, 
p<0-001, and p<0-001 respectively). This study 
confirms that diastolic function is abnormal in THD 
and that this may be detected before systolic dys- 
function becomes apparent. This automated tech- 
nique may be used to give a reliable objective assess- 
ment of diastolic function and to follow patient 
response to therapeutic interventions. 
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A new non-invasive method of estimating left 
ventricular end diastolic pressure using 
pulsed Doppler ultrasound 


K S Channer, W Culling, P Wilde, J V Jones 
Cardiology Department, Bristol Royal Infirmary, 
Bristol 


Left ventricular end diastolic pressure (LVEDP) is 
generally regarded as a useful indicator of left ven- 
tricular function. Its measurement has previously 
relied on mvasive techniques. A new non-invasive 
method of estimating LVEDP is described. We have 
compared the ratio of the passive and active com- 
ponents of mitral flow with LVEDP measured at 
cardiac catheterisation in 20 patients (14 males, mean 
age 51-9 years, range 36-62) with ischaemic heart 
disease. None had valve disease and all were in sinus 
rhythm. Pulsed Doppler measurement of mitral fow 
were performed using the apical view to posinon the 
sample volume in the mitral orifice, with simulta- 
neous ECG and LVEDP recordings. Each spectrally 
analysed mitral flow trace showed two diastolic 
peaks. The first represented passive flow from left 
atrium to ventricle and the second represented active 
flow due to atrial contraction. The mean of 10 con- 
secutive recordings of the ratio of the areas of the two 
wave forms was calculated for each patient and found 
to correlate with LVEDP (r=0-78 p< 0-001). Active 
mitral flow was lower with higher LVEDP. Mitral 
flow ratios of >2 were always associated with 
LVEDP > 20mm Hg. Reproducibility of the mitral 
flow ratio was assessed by making 10 separate mea- 
surements on the same individual within one hour; 
the correlation coefficient was 7:2%,. 

In conclusion, this technique offers a non-invasive 
and reproducible method of assessing LVEDP. 


Single vessel angioplasty in multiple vessel 
disease 


N P Silverton, N C Jackson, G I C Nelson 
Department of Cardiovascular Studies, University 
of Leeds 


To assess the safety and efficacy of single vessel 
angioplasty in multiple vessel disease (MVD), a ret- 
rospective assessment was made of the results in 115 
patients who were treated by single vessel angio- 
plasty before the introduction of multiple vessel 
angioplasty. According to the Coronary Artery 
Surgery Study criteria 90 patients (68 male and 22 
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female) had single vessel disease (SVD) and 25 
patients (22 male and three female) had MVD with 
one artery suitable for mechanical treatment. Other 
diseased arteries were unsuitable for surgery because 
of inaccessibility or calibre (nine patients), diffuse 
disease (seven patients), or total occlusion with Q 
wave infarction in the dependent territory (nine 
patients). The vessels treated in patients with SVD 
were the left anterior descending (77), right coronary 
artery (9), and left circumflex (4); and in patients 
with MVD they were the left anterior descending 
(15), right coronary artery (7), and left circumflex 
(3). Short and long term follow up was conducted. 
Technical success was achieved in 71 of 90 patients 
with SVD and in 19 of 25 with MVD. Emergency 
bypass grafting was necessary in six patients with 
SVD and in one with MVD. One patient with MVD 
died within 24 h of angioplasty. Angina was totally 
abolished in 67 and improved in three of the 71 SVD 
patients with successful angioplasty and was abol- 
ished in 13 and improved in four of 19 MVD patients 
who had successful angioplasty. In this small group 
of patients with MVD who had only one artery suit- 
able for mechanical treatment, angioplasty was 
acceptably safe and improved symptoms. Thus sin- 
gle vessel angioplasty may have a place in the treat- 
ment of patients with multiple vessel coronary artery 
disease. 


Evolution of myocardial ischaemia during 
percutaneous transluminal coronary angio- 
plasty 


B Griffin, J C P Crick, A D Timmis, E Sowton 
Guy’s Hospital, London 


Balloon inflation during coronary angioplasty is a 
useful model of acute coronary occlusion and 
regional myocardial ischaemia. The prevalence and 
duration of ischaemia during successive 60 second 
balloon inflations were assessed in 16 patients (11 
with left anterior descending artery and five with 
right coronary artery lesions) by continuous six lead 
ECG and cross sectional echocardiography record- 
ing. ST segment elevation developed in 14 of the 
patients within 18(12) (SD) seconds of balloon 
inflation and returned to baseline within 20 (9) sec- 
onds of deflation. Wall motion abnormalities on the 
echocardiogram were seen in all patients 15 (5) sec- 
onds after balloon inflation and had disappeared 
13(3) seconds after deflation. Time to onset of 
ischaemia as determined by both methods remained 
remarkably constant during successive balloon 
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inflations. The rate pressure product (RPP) before 
balloon inflation correlated inversely with time to 
onset of ischaemia detected by both techniques: 
t=—072, p<005 (ECG); r=—0-67, p<0-05 
(echocardiography). Nevertheless, evidence of 
ischaemia developed within 30 seconds in all patients 
regardless of RPP. This investigation of regional 
ischaemia during percutaneous transluminal coro- 
nary angioplasty indicates that ECG and echo- 
cardiography have a similar sensitivity for detection 
of acute ischaemia; resting myocardial oxygen con- 
sumption as reflected by RPP is an important deter- 
minant of the time to onset of ischaemia; manipu- 
lation of RPP alone is unlikely to have an important 
protective effect during percutaneous transluminal 
coronary angioplasty. 


Percutaneous laser thermal angioplasty 


D C Cumberland, T A Sanborn, D I Tayler, 

C L Welsh, A Greenfield, J Guben 

Northern General Hospital, Sheffield; and Boston 
University Medical Center, Boston, USA 


The potential of laser energy in percutaneous angio- 
plasty will not be realised until an intraluminal chan- 
nel can be produced and vessel wall perforation can 
be reliably avoided. A metal tipped laser fibre (laser 
probe) with up to 10 W argon laser power was used 
for five to 60s in 46 limbs in 44 patients undergoing 
percutaneous femoral/popliteal angioplasty. All 14 
stenoses were successfully traversed, Of 32 
occlusions (length 1 to 35cm, mean 8cm) 22 were 
initially probed at their proximal limits by a guide 
wire so that they could be classified as being poten- 
tially easy or difficult to cross by conventional means. 
Ten occlusions were classified as “impossible” 
because either previous attempts on angioplasty had 
failed or because they were anatomically unsuitable 
for conventional techniques. The probe successfully 
traversed all 10 easy, 11 of 12 difficult, and seven of 
10 impossible occlusions. In one case mechanical 
wall entry with extravasation occurred (before laser 
energy was used) (this was probably due to a false 
passage produced by previous guide wire); there 
were no sequelae. In all the lesions that were success- 
fully crossed an adequate initial channel (mean 
lumen diameter (MLD) 1-41 mm (0-27) (SD)) was 
produced for subsequent balloon dilatation (MLD 
2:84 mm (0-88)). 

Thus the laser probe facilitates angioplasty by 
providing an initial channel through lesions before 
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balloon dilatation. It can traverse occlusions that are 
difficult or impossible to cross by conventional 
means and therefore has potential for increasing the 
role of angioplasty in the treatment of arterial dis- 
ease. 


Percutaneous transluminal valvotomy for 
rheumatic mitral stenosis using a double bal- 
loon technique 


M Al Zmbag, P Ribeiro, S Al Kasab 
Riyadh Military Hospital (Adult Cardiology 
Division), Riyadh, Kingdom of Saudi Arabia 


Severe mitral stenosis currently requires surgical 
ıntervention. The feasibility of mitral balloon 
valvotomy (that is commissural splitting) was dem- 
onstrated during cardiac surgery. A transatrial 
double balloon technique was then used to perform 
percutaneous mitral valvotomy in nine patients with 
rheumatic mitral stenosis. Nine symptomatic 
patients (23(6) years mean (SD) with severe non- 
calcific mitral stenosis who were in sinus rhythm 
were selected. The study protocol included left and 
right cardiac catheterisation, calculation of the mitral 
valve area by the Gorlin formula, and left atrial and 
left ventricular angiograms before and immediately 
after balloon dilatation. The left atrium was entered 
with two number 12 French Mullins transseptal 
sheaths from both femoral veins. Two pre-shaped 
0:038 inch guide wires were positioned in the left 
ventricle, and two Medi-tech balloons (12 to 15mm 
in diameter) were advanced across the mitral valve 
and simultaneously inflated up to 5 atmospheres. In 
seven patients, the mitral valve area increased from 
0-71 (0-19) to 2:0 (0-8) cm?, and the mean mitral gra- 
dient decreased from 15(3:5) to 26(2 7) mmHg. 
The procedure was unsuccessful in the first two 
cases, in which small balloons (12mm) were used. 
During inflation, systolic aortic pressure was main- 
tained above 45mm Hg. Three patients had trivial 
mitral incompetence after successful dilatation; 
otherwise there were no complications. No left to 
right shunt at the atrial level was detected by 
oximetry. 

It is concluded that in selected patients severe 
rheumatic mitral stenosis can be successfully 
relieved by a percutaneous double balloon technique 
without complications. 
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Somatostatin: a neuroregulatory peptide with 
electrophysiological activity 


S C Webb, W G Hendry, S R Bloom, D M Krikler 
Royal Postgraduate Medical School, London 


The peptide somatostatin, which acts in part as an 
automatic neurotransmitter, is present in human 
cardiac tissue, with high concentrations in the sinus 
and atrioventricular (AV) nodes. To assess the possi- 
ble physiological and pharmacological roles of 
somatostatin in the heart, its electrophysiological 
effects were compared with those of the calcium 
antagonist verapamil in 10 patients undergoing 
investigation of AV re-entry tachycardia (accessory 
AV pathway 4; dual intranodal pathways, 6). During 
sinus rhythm, somatostatin (12-5 ug/min for 10 min) 
prolonged cycle length by 45 (37) ms (mean(SEM)) 
whereas verapamil shortened it by 30(21) ms 
(p <0-01). Somatostatin had a less pronounced effect 
than verapamil on AV nodal conduction as judged by 
prolongation of both AH interval (11 (3) vs 43 (8) ms, 
p<0-005) and AV nodal effective refractory period 
(39 (8) vs 94(38) ms, NS). Both drugs terminated 
tachycardia in 6/7 patients; verapamil after 35 (3)s by 
AV conduction block. With somatostatin, termi- 
nation occurred later (after 277 (90) s); ın 5/6 by 
invasion of the re-entry circuit by ventricular extra- 
systoles. Prolongation of tachycardia cycle length 
before termination was more pronounced with vera- 
pamil than with somatostatin (94 (19) vs 29 (11) ms, 
p<0-05). The electrophysiological properties as well 
as the anatomical distribution of somatostatin sug- 
gest that it may participate in the mediation of auto- 
nomic control of the sinus and AV nodes. 


The misdiagnosis of ventricular tachycardia— 
results of a postal survey 


A W Nathan, J E Elstob, A J Camm 
St Bartholomew’s Hospital, London 


Ventricular tachycardia may be misdiagnosed, and 
this can lead to serious consequences. A postal sur- 
vey was carried out to examine the diagnostic accu- 
racy of clinicians faced with this arrhythmia. Copies 
of referral ECGs from six patients with ventricular 
tachycardia who had been misdiagnosed as having 
supraventricular tachycardia were sent to a random 
selection of physicians. Each 12 lead ECG had ample 
data by classic criteria for the correct diagnosis to be 
made, and each patient also had an electro- 
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physiological study performed to optimise treatment 
and to confirm the diagnosis. The ECGs all showed 
a regular rhythm, and the rates ranged from 176 to 
200 beats/min. Five had a QRS width > 150 ms, five 
had a QRS axis 260°C, five had atrioventricular 
dissociation, one had fusion beats, one had concor- 
dance across the chest leads, and three had mor- 
phological features that excluded bundle branch 
aberration. 

There were 200 replies, 148 from consultants, 49 
from those in training, and three from others. Fifty 
eight were cardiologists, 90 had a major cardiac 
interest, and 52 had other specialist interests. 
Twenty two were aged <30, 79 were 31-40, 51 were 
41-50, and 48 were >51 years. The diagnosis was 
correct in 558 (47%) of cases (ranging from 30-79% 
between ECGs). Twelve (6%) respondents had no 
correct answers, 46(23%) had one, 41(21%) had 
two, 38(19%) had three, 21(10%) had four, 
20 (10%) had five, and only 22(11%) had all replies 
correct. Forty two physicians (21%) had five or six 
correct answers including 20% of consultants and 
27%, of those training. This was also the result for 
34% of the cardiologists, 22% of those with a major 
cardiac interest, and 4% of the others; and 26% of 
those aged 31-50 and 11% of the others. 

Misdiagnosis of ventricular tachycardia was com- 
mon despite characteristic ECGs and was made even 
by experienced cardiologists. 


Drug’ related arrhythmia induction during 
electrophysiological testing 


AP Rae, A M Greenspan, H R Kay, L N Horowitz. 
University Department of Cardiology, Royal 
Infirmary, Glasgow; and Likoff Cardiovascular 
Institute, Philadelphia, USA 


Electrophysiological testing (EPS) has been sug- 
gested as a means of identifying the arrhythmogenic 
potential of antiarrhythmic drugs. The incidence of 
arrhythmia induction (AI) was determined in 314 
patients with inducible ventricular arrhythmias 
undergoing 801 individual drug studies. The 
definitions of AI that were used and their incidence 
were (a) conversion of non-sustained ventricular 
tachycardia (VT) to a sustained arrhythmia (18%); 
(6) conversion of stable sustained VT to a sustained 
arrhythmia requiring cardioversion (7%); (c) reduc- 
tion in aggressiveness of stimulation mode (20%); 
and (d) development of spontaneous sustained VT 
(0-5%). The drug regimens included 15 single 
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agents and eight combinations. The incidence of AI 
ranged from 15% to 37% (mean 23%) for single 
agents and from 22 to 30% (mean 29%) for combi- 
nation regimens. Quinidine with the lowest inci- 
dence caused significantly less AI than amiodarone, 
flecainide, indecainide, quinidine plus mexiletine, 
and amiodarone plus procainamide (p <0-05). No 
combination regimen caused significantly more AI 
than any other combination. In 40 studies of combi- 
nation regimens, one component of which had pre- 
viously produced AI, 22 (55%) did not manifest AI. 
Drug concentrations for single agents were all within 
the therapeutic range. In conclusion, drug-related 
Al is common during EPS and the development of 
AI while the patient is on a single agent does not 
preclude its use in combination regimens. 


Indirect evidence for participation of His Pur- 
kinje system in ventricular activation during 
ventricular tachycardia 


M Shenasa, M A Sadr-Ameli, M Fromer, 

G Faugére, R Nadeau 

Hôpital du Sacré-Coeur, University of Montreal, 
Canada 


Currently there is not enough evidence to determine 
whether the His Purkinje system (HPS) participates 
in myocardial activation during ventricular tachy- 
cardia (VT). To test whether the HPS was engaged 
in ventricular activation during ventricular tachy- 
cardia the following were analysed (a) the effect dur- 
ing sinus rhythm of HPS conduction delay man- 
ifested as bundle branch block and (6) the effect of 
HPS conduction time (H-V interval) on the QRS 
duration of VT in 125 patients with sustained tachy- 
cardia. During sinus rhythm 67 patients had a 
narrow QRS complex and they all had normal H-V 
interval (mean 45-7(5) ms), 34 patients had right 
bundle branch block with mean H-V interval of 
49 (7) ms (NS compared with the former patients), 
and the remaining 24 patients had left bundle branch 
block and corresponding H-V interval of 63 (9) ms 
(p<0-05 compared with those with narrow QRS). 
During VT, QRS duration of patients with narrow 
QRS ranged from 160 to 190 ms (mean 175 (12)) and 
in those with right and left bundle branch block it 
ranged from 190 to 240 ms (mean 205 (11)) and from 
210 to 240 ms (230(15)) respectively (p<0-05 and 
p<0-02 compared with those with narrow QRS). It 
is concluded that VT's in patients with left bundle 
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branch block during sinus rhythm and prolonged 
H-V interval have a longer QRS duration than those 
with narrow QRS and right bundle branch block. 
Thus, the presence of His Purkinje system conduc- 
tion delay during VT may suggest its participation in 
ventricular activation during tachycardia. 


Isosorbide mononitrate by intravenous bolus 
administration in acute left ventricular fail- 
ure 


MD Gammage, R G Murray, W A Littler 
Department of Cardiovascular Medicine, University 
of Birmingham; and East Birmingham Hospital, 
Birmingham 


Nitrates represent a therapeutic alternative to intra- 
venous diuretics in the treatment of acute left ven- 
tricular failure, but isosorbide dinitrate is less con- 
venient than diuretics as it must be given by infusion 
rather than bolus injection. Eleven patients with 
acute left ventricular failure after acute myocardial 
infarction were entered into an open haemodynamic 
study of isosorbide-5-mononitrate. All patients had 
clinical and radiographic evidence of left ventricular 
failure, confirmed by pulmonary capillary wedge 
pressure (PCW) > 20 mm Hg after insertion of a flow 
directed, thermodilution catheter into the pul- 
monary artery. After acquisition of baseline data, 
three bolus doses (5 mg) of isosorbide-5-mononitrate 
were given intravenously at 15 minute intervals. 
Mean PCW fell from 26-2 (6-8) mm Hg at control to 
175 (8-5) mm Hg at 45 minutes (p<0-01). Cardiac 
index fell from 2-4(0-8) I/min-m? to 2-31/min/m? 
(p<0-05) due to a fall in heart rate (103(11) 
beats/min to 97(15) beats/min, p<0 05) as blood 
pressure, stroke volume index, stroke work index, 
and systemic vascular resistance were unchanged. 
All patients also experienced rapid symptomatic 
relief. These data suggest that isosorbide-5- 
mononitrate is a safe, convenient, and effective treat- 
ment for acute left ventricular failure when given by 
intravenous bolus injection. 


Planned day case Sones’s technique cardiac 
catheterisation 


N H Murray, M T Rothman 
Department of Cardiology, London Chest Hospital 
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Day case cardiac catheterisation was planned in 51% 
(855) of 1662 patients admitted during an 11 month 
period up to the end of 1985. Of these, 810 (95%) 
underwent uneventful cardiac catheterisation with 
brachial arteriotomy using the Sones’s technique 
and were discharged the same day. All patients 
underwent coronary angiography with or without 
other catheter studies. Forty five patients (5%) were 
required to stay in hospital; in 18(2%) the femoral 
route was used in addition, nine (1%) patients had 
severe angina with ST changes during the pro- 
cedure, five patients (05%) were found to have 
important left main stem stenosis and were kept for 
elective bypass operation, two (0:12%) became 
hypotensive but were allowed home the following 
day, two remained in hospital because of oozing from 
the brachial arteriotomy, and two could not be dis- 
charged the same day for administrative reasons. 
There were no infarcts or deaths. Six patients had 
developed new medical problems since their pre- 
admission assessment such that they could be not 
catheterised as day cases. The remaining patients 
were unsuitable for day case investigation because of 
instability, requirement for femoral approach, or 
other medical or geographical reasons. 

Day case cardiac catheterisation improves cost 
efficiency and can be achieved without compro- 
mising the safety of the patient or the diagnostic 
sensitivity. 


Left bundle branch block: prevalence, inci- 
dence, follow up echocardiography, and exer- 
clse testing 


G J Eliasson, K Palsson, K Eyjélfsson, A Arnason, 
T Hardarson, N Sigfússon 

Landspítalinn, University Hospital, Reykjavik, Ice- 
land (Icelandic Heart Association) 


In a screening study of a randomly selected popu- 
lation of 8450 men aged 33 to 61 and 9000 women 
aged 34 to 61 conducted in Iceland in 1967—1977, 27 
men and 17 women were found to have left bundle 
branch block (LBBB). In 1977 the prevalence was 
0:43% in men (mean age with LBBB 58-9 years) and 
0 28% in women (mean age 58-5 years), The annual 
incidence of LBBB was 3-2x107* im men and 
3-7 x 1074 in women. All 36 surviving patients with 
LBBB were examined in 1984 by chest x ray, echo- 
cardiography, and exercise testing (Bruce protocol). 
Hight men and no women had had myocardial 
infarction (p < 0-05), nine men and three women had 
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angina pectoris, 10 women and five men had hyper- 
tension (p<0-02, five men had cardiomyopathy, 
seven men and six women had primary conductive 
disease, two patients had complete atrioventricular 
block, four patients had had syncope, and three 
patients had pacemakers. Eleven patients were 
symptom free and 11 had mild and 14 had severe 
functional limitations. Five men and two women had 
died compared with 18 men and one woman in an age 
matched control group of 176 people (NS). Three of 
the five men with LBBB who died had cardio- 
myopathy at necropsy. Three men died suddenly. 
The two women died of non-cardiac causes. Only 
one patient in the control group had cardiomyopathy 
(p<0:01). There was no significant difference in the 
distribution of other cardiac diagnoses between the 
groups. Eleven LBBB women out of 13 had an exer- 
cise test of normal duration (> 6 min) and 11/17 men 
exercised normally (27min). Nine men and two 
women had an increased left ventricular diameter 
and three men and two women had a septal thickness 
of 21-5cem by echocardiography. In comparison 
with the control group the LBBB patients had an 
increased left ventricular diameter 2:85 (0:38) ws 
2-58 (0-38) cm/m? body surface area (p<0-01) and a 
non-significant increase in interventricular septal 
thickness. There was no difference in left atrial 
diameter between the groups. 

In conclusion, cardiomyopathy in men and hyper- 
tension in women is associated with LBBB. The 
prognosis of LBBB is good and few patients require 
pacemakers. The left ventricular diameter was 
increased in a randomly selected group of patients 
with LBBB. 


The relevance of coronary collateral flow in 
preserving left ventricular function 


Ann Tweddel, W Marun, I McGhie, I Hutton 
University Department of Medical Cardiology, 
Royal Infirmary, Glasgow 


The impact of collateral circulation of left ventricu- 
lar function in response to physiological stress was 
determined in 50 patients at coronary angiography. 
Regional myocardial nutrient flow was obtained 
from the washout of xenon-133 at rest and immedi- 
ately after maximal exercise. Fifty five collateral dis- 
tributions were identified in 41 patients with coro- 
mary artery disease, of which 25 were seen 
angiographically and 30 by xenon-133 alone. Nutri- 
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ent flow increased in response to exercise in 13 angio- 
graphic collaterals (43°7(3-4) to 66-6(8-5) ml/ 
100g/min, p<0-005) and 11 “collaterals” seen with 
xenon (30-2(7-9) to 57-5(9-3) mil/100g/min, 
p<0-005). Regional left ventricular function, mea- 
sured by percentage shortening, was preserved in 
these patients (mean 38-9 (3-9)%). Flow was main- 
tained on exercise in six angiographic collateral dis- 
tributions (45-7(5-3) and 44-7(6:3) ml/100g/min) 
and nine xenon collaterals (39-0 (7-6) and 38-4 (3-3) 
ml/100g/min), as was regional left ventricular func- 
tion 38-8(4-0)%. In six collaterals seen angio- 
graphically flow fell after exercise from 50-3 (7-6) to 
35-3 (7-4) ml/100g/min (p<0-01), and in 10 xenon 
distributions it fell from 47:5(6-4) to 24-7(5-9) 
mil/100g/min (p<0-01). In comparison with distri- 
bution where flow increased or was maintained on 
exercise (percentage shortening 38-8(2-8)%), in 
regions where collateral flow fell, regional left ven- 
tricular function was impaired (25-6(2-8)%, 
p<0-01). Thus, collateral flow which is maintained 
on exercise appears to be of value in preserving 
regional left ventricular function. 


Percutaneous balloon dilatation of right ven- 
tricular outflow tract and pulmonary valve in 
patients with tetralogy of Fallot 


J GC Wright, R Arnold, R M Bini, J L Wilkinson, 
D I Hamilton, R McKay 
Royal Liverpool Children’s Hospital 


Percutaneous balloon dilatation is successful in the 
treatment of isolated pulmonary valve stenosis and 
pulmonary artery branch stenosis. This encouraged 
us to perform percutaneous balloon dilatation of the 
right ventricular outflow tract and pulmonary valve 
in 21 symptomatic patients (aged 12 days to 18 years) 
with tetralogy of Fallot between December 1983 and 
December 1985. Eleven patients were infants under 
one year of age (group I). Before balloon dilatation 
two patients needed prostaglandin infusion to main- 
tain ductal patency, five suffered cyanotic spells, and 
four had persistent severe cyanosis. After balloon 
dilatation palliative operation was obviated in 10 
patients and the remaining patient required a Water- 
ston anastomosis. Of the ten older patients (group 
II), exercise tolerance was improved and cyanosis 
reduced in three and hypoxic spells were abolished 
in one. The remaining six patients were not 
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significantly improved. Balloon dilatation was well 
tolerated by all patients. One patient from group I 
and five from group II have subsequently had open 
heart surgery. The operative findings relating to the 
pulmonary valve were: commissural splitting in 
three, a flail anterior cusp in two, and a central tear 
of the right pulmonary cusp in one. 

This preliminary report suggests that balloon 
dilatation in patients with tetralogy of Fallot can be 
performed safely; it may obviate the need for pal- 
liative surgery but is of limited use in older patients. 


Doppler echocardiographic determination of 
flow from five cardiac locations: a comparison 
with thermodilution 


B A MacLennan, C Maguire, N P S Campbell 
Regional Medical Cardiology Centre, Royal Victoria 
Hospital, Belfast 


In patients without intracardiac shunts or valvar 
insufficiency, measurement of flow from several 
intracardiac locations would increase confidence in 
values obtained by non-invasive Doppler echo- 
cardiography. The purpose of this study was to cor- 
relate volume flow, estimated from five cardiac sites 
by range gated pulsed Doppler techniques, with 
simultaneous thermodilution flow measurements. 
Nineteen patients, 17 men and two women, aged 
35-65 (mean 50-6) years, all with ischaemic heart 
disease and undergoing coronary arteriography, 
were studied. Ascending and descending aorta, main 
pulmonary artery, mitral and tricuspid inflow areas 
were interrogated for optumal Doppler signals. Ves- 
sel and valve orifice dimensions were obtained 
directly from cross sectional echocardiographic 
images. Doppler velocity signals were obtained from 
the ascending aorta in 19 patients (100%), from 
descending aorta in 18(95%), pulmonary artery in 
12(63%), from triscuspid inflow in 12(63%), and 
from mitral inflow in 18(85%) patients. Velocity 
signals from all five sites were obtained in nine 
patients (47%). Significant correlations with ther- 
modilution were obtained from ascending (r=0 69) 
and descending (r=0-72) aortic and pulmonary 
artery (r=0-65) derived flows. The poorest cor- 
relation resulted from using mitral and tricuspid 
orifice derived flows. 

This study demonstrates that Doppler derived 
aortic and pulmonary flows correlate well with ther- 
modilution flow measurements. When quantifying 
intracardiac shunts or valvar insufficiency by 
Doppler techniques, atrioventricular valve derived 
flow should be avoided. 
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Identification of anatomically and func- 
tionally severe coronary artery disease by the 
ST segment/heart rate slope 


P Kligfield, P M Okin, O Ameisen, J S Borer 
New York Hospıtal-Cornell Medical Center 


To test the ability of the exercise ST segment/heart 
rate slope (ST/HR slope) to identify anatomically 
and functionally severe coronary disease, 84 con- 
secutive patients with stable angina referred for 
coronary angiography were prospectively evaluated 
by a treadmill protocol designed to produce small 
heart rate increments between stages. The ST/HR 
slope, partitioned at 64V/beat/min ın accord with 
previous studies, identified three vessel disease with 
a sensitivity of 94%(31/33) and a specificity of 
63% (32/51). When three vessel disease was not 
present, steep ST/HR slopes identified otherwise 
important obstruction. Among patients with coro- 
nary disease, the anatomical extent of obstruction 
assessed by Gensini score was significantly greater in 
47 patients with ST/HR slopes >6 than in 25 
patients with slopes <6 (65 (5) vs 25 (4), p<0 0001). 
This was not explained by the greater number of 
obstructed coronary arteries found in patients with 
higher ST/HR slopes since among 39 patients with 
only one or two vessel disease the mean Gensini 
score was also higher in patients with slopes 
>6(56(8) vs 24(4), p<0-0002). In addition the 
mean exercise induced fall in ejection fraction deter- 
mined by radionuclide cineangiography in 36 
patients was significantly greater in patients with 
slopes > 6(—7(2) vs —1(2)%, p<0-05). These data 
demonstrate that an ST/HR slope >6 uV /beat/min 
is a highly sensitive means of identifying three vessel 
coronary disease and that this partition value accu- 
rately identifies additional patients with angina who 
have anatomically or functionally extensive coronary 
obstruction. 


False positive ST segment depression during 
post-myocardial infarction exercise testing 


L B Tan, D P Murray, P L Weissberg, M Salih, 
R G Murray, W A Littler 

University of Birmingham Department of Cardio- 
vascular Medicine 


Electrocardiographic ST segment depression during 
exercise tests after myocardial infarction (MI) some- 
times does not correlate with the location of coronary 
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artery narrowing and the myocardium in jeopardy. 
Such ST depression is commonly termed false posi- 
tive ST depression. No systematic study of false 
positive ST depression during post-MI exercise 
tests has been reported. Ninety patients with a posi- 
tive 12 lead predischarge exercise test after acute MI 
had coronary angiography six to 12 weeks after dis- 
charge. ST segment depression in discrete ECG 
groupings was used to predict individual vessel dis- 
ease. Twenty eight patients displayed false positive 
ST depression, that is no important stenosis of the 
suspected coronary artery. Of these, 15 had exercise 
induced ST elevation in the infarcted area and 15 
had true posterior infarction (five were common to 
both groups), indicating that in these 25 patients the 
ST depression observed could be explained by the 
reciprocal electrical phenomenon. The remaining 
three patients had no identifiable reciprocal ST 
changes, but the suspect vessels all donated large 
collaterals to the infarcted zone suggesting a coro- 
nary steal phenomenon. During follow up (mean 12 
months) those with false positive ST depression had 
fewer cardiac events (37% vs 87%, p < 0-05), includ- 
ing angina (37% vs 87%, p<0-05) and further myo- 
cardial infarction (0% vs 18%, p<0-05) than those 
with true positive exercise tests. In conclusion, false 
positive ST depression. was common during post- 
MI exercise tests, and may be explained by recip- 
rocal ST changes and/or the coronary steal phenom- 
enon. Such patients had a better prognosis compared 
with those who had a true positive exercise test. 


The significance of ST segment depression in 
syndrome X assessed by ambulatory pul- 
monary artery pressure monitoring 


R Levy, L M Shapiro, C Wright, L Mockus, 
K M Fox 
National Heart Hospital, London 


The pathophysiology and clinical importance of 
anginal chest pain with a positive exercise test and 
normal coronary arteriography (syndrome X) are 
poorly understood. The purpose of this study was to 
determine the relation between chest pain, ST seg- 
ment depression, and changes in left ventricular 
function assessed by the measurement of ambulatory 
pulmonary artery diastolic pressure (PADP) with 
simultaneots frequency modulated ECG in patients 
with syndrome X. The PADP was measured during 
treadmill exercise and throughout ambulatory 24 
hour monitoring in unrestricted subjects; six 
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patients with syndrome X (mean age 48(12) years) 
were compared with six controls (mean age 39 (7) 
years) and 19 patients with coronary artery disease 
(mean age 57(11) years). On treadmill exercise in 
both syndrome X and in normal controls there was 
no signficant rise in PADP despite ST segment 
depression (range 1—4:5 mm) in the former group. In 
coronary artery disease, however, on exercise there 
was a rise in PADP of a median 5mm Hg (range 
0-13-6 mm Hg). In only one patient with coronary 
artery disease was there no rise in PADP, despite 
lmm ST segment depression. During ambulatory 
monitoring in patients with syndrome X, 12 episodes 
of ST segment depression (1mm) were observed 
(four painful, eight painless) in which there was no 
change in PADP. This differs from 29 anginal epi- 
sodes in coronary artery disease in which there was 
a significant (p<0-01) rise in PADP of a median 
75mm Hg (range 1-8-19-7 mm Hg). Chest pain and 
ST segment changes in patients with syndrome X do 
not appear to be associated with impaired left ven- 
tricular function assessed by ambulatory pulmonary ` 
artery pressure monitoring. This differs markedly 
from the haemodynamic changes during myocardial 
ischaemia in coronary artery disease. 


Diurnal variation in pulmonary artery 
diastolic pressure: a mechanism for early 
morning myocardial ischaemia 


R D Levy, L M Shapiro, A D Cunningham, 
C Wright, I. Mockus, K M Fox 
National Heart Hospital, London 


Patients may present with angina pectoris in the 
early morning. The mechanism of this is unclear and 
both haemodynamic changes and coronary artery 
spasm may be important. The purpose of this study 
was to investigate the diurnal variation in pulmonary 
artery diastolic pressure (PADP), reflecting left ven- 
tricular end diastolic pressure (L.VEDP), in five nor- 
mal subjects (mean age 39 (6-6) years), 18 patients 
with coronary artery disease (CAD) (mean age 
57(11) years), five patients with coronary artery 
spasm (mean age 51 (8) years), and six patients with 
syndrome X (mean age 48(12) years), Ambulatory 
24 hour recordings of PADP were obtained with a 
transducer tipped catheter and a simple recording 
system and were related to the timing of episodes of 
ST segment depression and elevation by simulta- 
neous frequency modulated ECG recording. This 
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system avoids the problems of a zero reference point 
commonly found with fluid filled catheters and 
external transducers. Episodes of ST segment 
change occurred predominantly in the early morning 
(4-8 am) in coronary artery spasm (seven out of 14 
episodes), whereas in syndrome X all episodes 
occurred during the daytime, and in coronary artery 
disease painful and painless episodes were distrib- 
uted throughout the day with 15 out of 67 occurring 
between midnight and 8am. In all groups a similar 
diurnal variation in PADP was observed with a ten- 
dency for low values during the day and higher val- 
ues at night with the maximum values occurring 
between midnight and 6 am. These findings that pul- 
monary artery diastolic pressure and therefore 
LVEDP are greatest in the early morning may sug- 
gest a new mechanism for the increased sus- 
ceptibility to myocardial ischaemia during these 
hours. 


The effect of $ receptor antagonist therapy on 
the diagnostic accuracy of non-invasive tests 
used in the detection of coronary artery 
disease 


T Crake, A A Quyyumi, C Wright, L Mockus, 
K M Fox 
National Heart Hospital, London 


Exercise testing and ambulatory ST segment moni- 
toring are used in the assessment of patients with 
coronary artery disease. These investigations are 
often performed while patients are taking anti- 
anginal agents but their reliability during treatment 
with B blockers is unknown. The effects of B block- 
ade were investigated in 34 patients with coronary 
artery disease who had positive exercise tests and 
episodes of ambulatory ST segment depression 
while they were not on antianginal medication. After 
B blockade 17 patients had no ambulatory ST seg- 
ment changes (sensitivity reduced to 50%). In the 
remaining 17 patients the frequency, duration, and 
magnitude of ST segment change, whether painful 
or painless, were significantly reduced (p<0-01). 
Mean exercise duration was increased by 73% 
(p<0-01) with 2 blocker treatment. Exercise tests 
became negative in only two patients after $ blockade 
(sensitivity 94%). Before $ blockade 70% of patients 
with three vessel disease (n =20) developed a posi- 
tive exercise test within the first stage of treadmill 
exercise on the modified Bruce protocol; after B 
blockade only 17% of this group of patients had 
positive exercise tests at this stage. 


519 


Thus the administration of $ blockers reduces the 
sensitivity of both exercise testing and ambulatory 
ST segment monitoring in the detection and evalu- 
ation of coronary artery disease. However, the effects 
on ambulatory ST segment monitoring are much 
more profound. 


Symptom limited exercise and respiratory gas 
exchange in heart failure 


J G F Cleland, K W Stirling, Esther Henderson, 
H J Dargie 
Cardiac Department, Western Infirmary, Glasgow 


It has been suggested that measurement of venti- 
latory capacity and gas exchange can be helpful in 
the assessment of cardiac impairment. In many sub- 
jects with heart failure exercise capacity is limited 
not by breathlessness but by fatigue which may vary 
according to the protocol—for example the speed 
and inclination of the treadmill. The purpose of this 
study was to investigate the effects of two different 
exercise protocols on symptoms and gas exchange 
when they were tested in random order in 20 patients 
(age 58 (11) yr) with heart failure due to left ventric- 
ular dysfunction (NHYA class JI-IID. The slow test 
had two minute stages at 1 mph/0%, 1-5/0, 1-5/4, 
2/4, etc, and the fast test had one minute stages at 
1/0, 1-5/4, 2/8, etc. Exercise time was 681 (233)s for 
slow and 289 (70) s for fast tests (p<0-001). Venti- 
lation (46(14) vs 54(13) l/min; p<0-001), respira- 
tory rate (29(6) vs 32(6) breaths/min; p<0-02), 
heart rate (125 (20) vs 131 (18) beats/min; p <0 005), 
and systolic blood pressure (143(28) vs 
154 (38) mm Hg; p<0-01) were all higher at peak 
exercise with the fast test, as were maximal oxygen 
consumption (14:4(5:5) us 16-4(5-0) ml/kg/min; 
p<0-005) and respiratory exchange ratio (1-06 (0 21) 
vs 1-17 (0-17); p<0-005). Anaerobic threshold was 
reached in only 11 patients with the slow test but in 
18 with the fast test. But when only the results of the 
tests in those attaining the anaerobic threshold were 
compared the above differences were maintained. 
With the fast test 17 subjects stopped with breath- 
lessness as the principal symptom compared with 
eight on the slow test (p<0-01). The use of a single 
standard exercise protocol to assess cardio- 
respiratory function for patients with heart failure of 
differing severities may be inadequate. In particular 
anaerobic threshold will not be achieved in about 
half the patients during a slow protocol, and this will 
lead to a considerable underestimation of their exer- 
cise capacity. 
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Mechanisms of closure of perimembranous 
ventricular septal defects: a cross sectional 
and pulsed Doppler echocardiographic study 


U S V Balaram, S Karas, K A Hallidie-Smith 
Royal Postgraduate Medical School, London 


Pathological and surgical studies have shown that 
spontaneous closure of defects encroaching on the 
membranous ventricular septum (perimembranous) 
is less frequent than those in the muscular septum, 
but that there is a tendency for a good proportion of 
them to diminish in size, with complete closure 
occurring in some of them. However, the actual 
mechanism responsible for the partial or complete 
closure of these defects remains controversial. In this 
study the incidence and the various mechanisms 
involved in closure have been documented by cross 
sectional echocardiography and pulsed Doppler 
echocardiography. 

Eighty five successive patients (aged from one day 
to 25 years) with perimembranous defects, defined 
by cross sectional echocardiography were studied. 
The age range of these patients is as follows: <1 
year, 16; 1 to 5 years, 22; 6 to 10 years, 30; 11 to 16 
years, 7; >16 years, 10. Thirty four (40%) of the 
defects showed some evidence of closure, with 28 
being trabecular, three inlet defects, none in the out- 
let septum, and three of the confluent type. The 
anatomical structures responsible for the reduction 
in size or closure of these defects are (a) sub- 
tricuspid valve apparatus (24/34 cases, 70%), (b) 
bridging of septal tricuspid leaflet across the defect 
(7/34 cases, 20%), and (c) prolapse of the aortic 
leaflet (3/34 cases, 9%). In none of the cases was 
aneurysm of the membranous septum noted. Pulsed 
Doppler echocardiography showed systolic flow tur- 
bulence across the residual defect from left to right 
ventricle in all cases in (a) and four of seven cases in 
(b). Turbulence was noted both in the right atrium 
and right ventricle because of the bridging tricuspid 
septal leaflet across the defect. In three of seven of 
this group no flow was detected as the defect was 
completely closed by the septal tricuspid leaflet. In 
(c) all cases had evidence of aortic regurgitation as 
shown by diastolic flow turbulence. 

From this attempt to analyse the incidence, mech- 
anisms of closure, and residual flow jets in perimem- 
branous ventricular septal defects by cross sectional 
echocardiography and pulsed Doppler echo- 
cardiography it is concluded that the tricuspid valve 
apparatus is the most important anatomical structure 
for the closure of these defects. Aneurysm of the 
membranous septum did not occur in this series. 
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Left ventricular structure and function in 
bodybuilders 


I C Todd, G McKillop, D Ballantyne 
Victoria Infirmary, Glasgow 


Isometric exercise is known to induce cardiac muscle 
hypertrophy as well as skeletal muscle hypertrophy. 
Bodybuilding has the unique aim of inducing mus- 
cular enlargement and definition per se rather than of 
improving strength. It might also be expected to 
induce more cardiac enlargement than other iso- 
metric exercise. In addition, the use of anabolic 
drugs is widespread among bodybuilders, but little is 
known of their cardiac effects. Eighteen male body- 
builders and nine matched controls were studied by 
cross sectional echocardiography. Nine of the body- 
builders used anabolic drugs. The athletes were 
found to have significantly greater posterior left ven- 
tricular wall and septal thickness than controls, and 
left ventricular mass values were higher than pre- 
viously reported for any athletes. In addition their 
left ventricular volumes were increased and ejection 
fractions were significantly reduced. The body- 
builders who used anabolic drugs had higher values 
than those who did not; but the only significant 
difference was for posterior wall thickness. Exercise 
induced cardiac hypertrophy is believed to mirror 
skeletal muscle hypertrophy and may be augmented 
by the use of anabolic drugs. In the presence of 
commonly used high calorie atherogenic diets there 
is a potential for the development of early cardiac 
ischaemia. 


Acromegalic heart disease: clinical features 
and results of treating the acromegaly 


R Hayward, R Emanuel, J D N Nabarro 
Departments of Cardiology and of Medicine, 
Middlesex Hospital 


The clinical features and prognosis of acromegalic 
heart disease remain ill-defined. Fifty eight (23%) of 
256 acromegalic patients referred to one centre had 
heart disease diagnosed because of the presence of 
cardiomegaly, abnormal celectrocardiogram, or 
arrhythmua. In 10(4%) of them acromegaly was the 
sole cause. In the remaining 19% hypertension, 
ischaemic and rheumatic heart disease, and thyro- 
toxicosis contributed, and the diagnosis was of sec- 
ondary cardiac disease. Hight of those with acro- 
megalic heart disease had left ventricular dilatation 
and hypokinesia (ejection fractions 24-46%), two 
showed concentric hypertrophy and high ejection 
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fractions, one with a mid-cavity gradient. Coronary 
arteriograms, which were performed in seven cases, 
showed no obstructions, but the coronary arteries 
were large in three. Acromegaly was cured by pitu- 
itary surgery or radiotherapy or both in six patients 
who were followed up for 1-11 (mean 9) years. Left 
ventricular function has improved in only two, dete- 
riorated in two, and in one the gradient has resolved. 
Four have developed new arrhythmias but none has 
died of heart disease after cure of acromegaly. Cure 
was not achieved in four; one has been lost to follow 
up and three have died of cardiac failure 1-5 years 
after detection of heart disease. 

The manifestations of acromegalic heart disease 
are not consistent and most cardiac disease in acro- 
megaly stems at least partly from associated condi- 
tions. Cure of acromegaly can retard or reverse heart 
disease, particularly muscle dysfunction, but is often 
too long delayed. 


Haemodynamic function over five years after 
orthotopic cardiac transplantation 


A G Mitchell, M H Yacoub 
Harefield Hospital, Harefield, Middlesex 


The annual haemodynamic investigations following 
orthotopic cardiac transplantation have been 
reviewed from January 1980. Numbers of patients 
from 1~5 years were 91, 33, 18, 6, and 3. Age at 
transplantation ranged from 14-56 years and seven 
were female. Immunosuppression was achieved 
using prednisolone and azathioprine in 14 or using 
cyclosporin and azathioprine with minimal or no ste- 
roids in 77. Nine late deaths occurred, eight of whom 
had steroid based immunosuppression. Resting 
haemodynamics for the group were right 
atrial (mean) 5-8 (4)mm Hg; right ventricular sys- 
tolic 28(7) mmHg; RV end diastolic pressure 
63(3)mmHg; pulmonary arterial (mean) 
18-3(5)mm Hg; RR interval 697 (118) ms; left ven- 
tricular ejection fraction 69-3 (16-6) %; pulmonary 
capillary wedge pressure (mean) 11:5(5)mm Hg; 
left ventricular systolic 132(23)mmHg; LV end 
diastolic pressure 11-3 (6)mm Hg; aorta (mean) 
102(20)mmHg; cardiac output 5-4(1-:21)/min. 
None of these variables showed a significant trend 
over five years. Cyclosporin treatment was associ- 
ated with hypertension (aorta mean 102(20) ws 
92(15)) and longer RR interval (725(120) ws 
635 (96) ms). Left ventricular end diastolic pressure 
tended to be higher in patients with lower ejection 
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fractions, and those with over four episodes of rejec- 
tion had worse left ventricular function than those 
with less than four episodes. Late deaths were associ- 
ated with a reduction of ejection fraction and a rise 
of left ventricular end diastolic pressure. All had 
coronary disease at necropsy. Long term hae~ 
modynamic function after orthotopic cardiac trans- 
plantation requires prevention of acute and chronic 
rejection and appears independent of the method of 
immunosuppression. 


Determinants of survival after repair of total 
anomalous pulmonary venous drainage 


S A Qureshi, Rosemary Radley-Smith, M H Yacoub 
Harefield Hospital, Harefield, Middlesex 


Between June 1971 and April 1985, 28 patients 
underwent repair of total anomalous pulmonary 
venous drainage (TAPVD). The mean age at oper- 
ation was 4 months (range 8 days to 1 year). Fifteen 
(54%) children were <3 months old. There were 22 
males and six females, ranging in weight from 2:2 to 
7-4kg (mean 44kg). Twelve (43%) patients had 
supracardiac, six (21%) intracardiac, five (18%) 
infracardiac, and five (18%) muxed TAPVD. 
Obstruction was present in 39% (11/28). Infants 
with obstructed TAPVD had a mean weight at oper- 
ation of 3-4 (0-65) kg and were operated on at a mean 
age of 1-43(1-9) months compared with a mean 
weight of 5-1(1-4) kg and a mean age of 5-8(3-7) 
months in the group with non-obstructed TAPVD. 
The overall operative mortality was 21% (6/28). The 
mortality was highest in (a) those aged <3 months 
of age, (6) those weighing <3kg, (c) those with 
RV/LV ratio > 1-0, and (d) in those with obstructed 
TAPVD. During a mean follow up of 55 months 
(range 6-144 months) there were two (7%) late 
deaths. All the survivors are symptom free, growing 
normally, and on no medication. Ten patients have 
undergone repeat cardiac catheterisation between 
two months and 11 years after operation. The pul- 
monary artery peak systolic pressure decreased from 
a preoperative mean of 64(35) mmHg to 30(11) 
mm Hg postoperatively. There was no evidence of 
late pulmonary venous obstruction. Left ventricular 
function was normal in all the patients. Multivariate 
analysis showed that the strongest determinants of 
survival were sex, weight at operation, and pul- 
monary artery peak systolic pressure with age, anat- 
omical type, presence of obstruction, RV/LV ratio, 
preoperative aortic saturation, and the year of oper- 
ation having no significant influence on outcome. 
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Accelerated graft coronary arteriosclerosis 
after cardiac transplantation: can it be diag- 
nosed non-invasively? 


C J Reid, A G Mitchell, K Fox, M H Yacoub 
Harefield Hospital, Harefield, Middlesex; and 
National Heart Hospital, London 


Severe coronary artery stenosis (CAS) due to diffuse 
intimal thickening is one of the potentially serious 
late complications of cardiac transplantation. 
Because of denervation angina does not occur; thus 
the development of reliable methods for detection of 
ischaemia in the transplanted heart is essential. In 
this study, several methods were assessed including 
stress testing, 24 hours ST segment monitoring, 
thallium scintigraphy, and radionuclide angio- 
graphy. CAS was demonstrated at routine annual 
coronary arteriography and/or necropsy in 
21(19-8%) of 106 patients one or more years after 
cardiac transplantation. Eleven of these patients 
(group A) and 39 recipients with normal coronary 
atteriograms (group B) were studied. The mean 
(SEM) duration of treadmill exercise was 
8-6(1:52)min in group A and 10-6(0-46)min in 
group B; HRxBP was 21540(3377) and 25184 
(4973) respectively; ST change <lmm was 
observed in each group. In the 11 patients with CAS, 
thallium scintigraphy showed reversible ischaemia 
in one, a fixed defect in two, and normal perfusion in 
the remainder and in group B. Twenty four hour 
analysis showed transient 2mm ST depression in 
one patient with CAS. Resting left ventricular ejec- 
tion fraction by radionuclide angiography was 
51:1(4-64)% in group A increasing on exercise by 
8-46(2 48)%, compared with 62°1(1:76)% and 
12-3(0-16)% respectively in group B. In conclusion, 
stress testing and ST segment analysis are not sensi- 
tive methods for detection of CAS after cardiac 
transplantation, whereas abnormal thallium scin- 
tigraphy and a resting ejection fraction <55% are 
suggestive of this important late complication. 


Sudden death in patients with supra- 
ventricular tachycardia terminating pace- 
makers 


A J Camm, J Vohra, P Hesslein, E Cornu 

St Bartholomew’s, London; Royal Melbourne, 
Melbourne; Sick Children’s, Toronto; and Telec- 
tronics, London 
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PASAR 4151 (Telectronics) is an automatic fully 
implantable device which is designed to terminate 
tachycardia by the introduction of one or two pre- 
mature beats. Worldwide 122 were implanted for the 
control of supraventricular tachycardia—70 for 
atrioventricular reentrant tachycardia (AVRT), 42 
for AV nodal reentrant tachycardia (AVNRT), and 
10 for other tachycardias. Over a total follow up 
period in excess of 2500 patient months there have 
been four sudden deaths: (a) a girl (aged 13) with 
Wolff-Parkinson-White syndrome (WPW) type A 
(refractory period, 270 ms) and orthodromic AVRT 
(193 beats/min) treated with two ventricular pre- 
mature beats; (6) a woman (aged 52) with WPW type 
A (refractory period, 260ms) and orthodromic 
AVRT (200 beats/min) terminated by two ventricu- 
lar premature beats; (c) a man (aged 69) with 
ischaemic heart disease and AVNRT (170 beats/ 
min) terminated with two atrial premature beats 
(coronary sinus); (d) a young girl with AVNRT 
(190 beats/min) and a nodoventricular connection 
treated with double right atrial stimulation. In this 
last patient Holter ECG recording at the time of 
death demonstrated seemingly spontaneous ini- 
tiation of atrial fibrillation with a rapid, preexcited 
ventricular response (up to 375 beats/min). The role 
of PASAR was not apparent. The occurrence of sud- 
den death has been unacceptably high. Possible asso- 
ciations include: WPW syndrome, short anterograde 
refractoriness of the accessory pathway, ischaemic 
heart disease, ventricular pacing, and the use of two 
premature beats, all of which should be avoided 
when considering the use of a pacemaker to termi- 
nate tachycardia. 


Place of antiarrhythmic therapy in acute 
myocardial infarction? 


AJ McLintic, Ann Tweddel 
University Department of Medical Cardiology, 
Royal Infirmary, Glasgow 


Coronary care unit policy in 1974, when anti- 
arrhythmic treatment was regularly prescribed, was 
compared with policy in 1984 when in general it was 
no longer given. The in hospital mortality has 
remained unchanged—16% in 1974 and 15:5% in 
1984. In 1974, 108 (37%) of 295 patients with proven 
myocardial infarction were treated with anti- 
arrhythmic agents for ventricular extrasystoles 
(VES) occurring > 1 in 5, couplets, multifocal, or as 
R on T. In 1984 only 2% of patients were treated 
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with these agents. The incidence of ventricular 
tachycardia has risen from 4% to 18% (p<0 001) 
and ventricular fibrillation from 5% to 19% 
(p<0-001). Of the patients with ventricular 
fibrillation, 6% had prodromal VES in 1974 and 
10% had them in 1984. The incidence of primary 
ventricular fibrillation was similar in 1974 and 1984 
(4% and 8% respectively). The in hospital mortality 
in those patients with ventricular fibrillation was not 
significantly different (1% to 5%). Death from ven- 
tricular fibrillation was associated with left ventricu- 
lar failure (80%) and tended to occur later than 72 
hours after onset of symptoms (80%). 

In conclusion, a change in policy in the treatment 
of ventricular arrhythmias has not affected in hospi- 
tal mortality in patients with acute myocardial 
infarction, and mortality is related to failure of pump 
function rather than to electrical events. 


Recognition of ventricular tachycardia and 
ventricular fibrillation from the timings of 
epicardial electrograms 


D W Davies, R J Wainwright, S R Large, 
S J Edmondson, G M Rees, A J Camm 
St Bartholomew’s and the Brook Hospitals, London 


Recurrent ventricular tachycardia (VT) and ventri- 
cular fibrillation (VF) are increasingly treated by 
implantable cardiac defibrillators capable of deliv- 
ering DC shocks between two epicardial patch elec- 
trodes. A major problem with such devices is the 
difficulty of recognising ventricular arrhythmias, 
especially VF. The possibility that VT and VF could 
both be distinguished from sinus rhythm and from 
each other by epicardial signals was therefore 
assessed. Ten patients undergoing elective coronary 
artery surgery were studied. Bipolar electrograms 
from four epicardial (left and right ventricular apical 
and paraseptal) sites were recorded simultaneously 
for the initial minutes of normothermic cardio- 
pulmonary bypass during control rhythm (nine 
sinus, one atrial fibrillation), right ventricular pacing 
(to simulate VT) at three pacing rates (120, 150, and 
180 beats/min), and VF induced by AC current. 
Control heart rates varied from 65 to 130 (mean 91) 
beats/min. Within each control and paced rhythm 
the electrograms from the four sites occurred in a 
stable sequence, but the sequence differed between 
the two rhythms in eight patients. With ventricular 
pacing the time from first to last electrogram 
increased by 40 to 90 (mean 65). Varying the pacing 
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rate did not affect this time nor the electrogram 
sequence. During VF, rapid irregular localised 
intrinsic activity was seen at all four sites, with cycle 
lengths ranging from 130 to 240 ms and with signal 
amplitudes ranging from 0-4 to >5 times those 
obtained during control rhythms. Complete asyn- 
chrony of the four sites was present during VF. 
Detection of a different sequences and timing of 
multiple epicardial electrograms will allow auto- 
matic recognition of VT, and complete asynchrony 
of the electrograms indicates the onset of VF. 


Increase in S wave amplitude during transient 
myocardial ischaemia 


J J Glazier, S Chierchia, A Margonato, A Maseri 
Cardiovascular Unit, Hammersmith Hospital, 
London 


A consistent association between exercise induced 
ST segment depression and an increase in S wave 
amplitude has been observed. To investigate this 
phenomenon further, 30 high quality 24 hour Holter 
tapes recorded in 15 patients with chronic stable 
angina and important coronary artery disease were 
analysed. Eleven patients also underwent continuous 
ECG recording (12 leads) along with cross sec- 
tional echocardiography during acute myocardial 
ischaemia induced by intravenous dipyridamole. 
During Holter monitoring 157 episodes of diagnos- 
tic ST depression (0-19 (0-09) mV, mean (SD)) were 
detected which were invariably associated with an 
increase in S wave amplitude (0 23) (0-14) mV), 
whereas no consistent change in R wave amplitude 
was observed. The increase in S wave usually (70% 
of episodes) preceded the onset of ST depression and 
was quantitatively related to the severity of ST 
depression. For the different severity subgroups of 
ST depression 20:1 and <0:2mV, 202 and 
<0-3mV, and 20-3mV, the mean increases in S 
wave amplitude were 0:20(0:09) mV, 0-27(0 14) 
mV, and 0:32(0-11) mV respectively (analysis of 
covariance, p<0-01). Fourteen episodes of an 
isolated increase in S wave amplitude without 
diagnostic ST depression occurred; two of them 
were associated with angina. During dipyridamole 
induced ischaemia all 11 patients developed 
transient regional wall motion abnormalities which 
were associated with diagnostic ST der ‘ession 
(0-15(0-02) mV) and angina in nine and with an 
increase in § wave amplitude in all. 

It is concluded that (a) an increase in S wave 
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amplitude is consistently associated with acute myo- 
cardial ischaemia; and (6) in some cases changes in S 
wave could be more sensitive than classic ST seg- 
ment variables for detecting acute myocardial 
ischaemia. 


Epicardial repolarisation mapping in man 


J C Cowan, C J Hilton, C J Griffiths, J Bourke, 
S Tansuphaswadikul, A Murray, R W F Campbell 
Freeman Hospital, Newcastle upon Tyne 


Dispersion of repolarisation has been postulated as a 
mechanism of arrhythmogenesis, but methods for its 
measurement in man have remained inadequate. A 
new technique of epicardial repolarisation mapping 
is described. Monophasic action potentials were 
recorded intraoperatively by a specially designed 
hand held silver/silver chloride electrode applied to 
the epicardium. Recordings were obtained during 
fixed rate atrial pacing from 53 epicardial points. For 
each epicardial position activation time, 
repolarisation time, and action potential duration 
were determined. Repolarisation maps were plotted 
in four patients without a history of arrhythmias or 
myocardial infarction who were undergoing coro- 
nary bypass grafting. The number of points giving 
acceptable stable recordings varied between 21 and 
38 in different patients. The dispersion of 
repolarisation times was 86(9) (mean(SD)) ms. 
Repolarisation time correlated significantly with 
action potential duration (mean correlation 
coefficient, T=0:67), but not with activation time 
(?= 0-23). An inverse relation was observed between 
activation time and action potential duration 
(t=0-54), reducing the observed dispersion of 
repolarisation times. 

In conclusion, the technique of epicardial 
monophasic action potential recording offers consid- 
erable promise as a means of studying the role of 
repolarisation abnormalities in arrhythmogenesis in 
man. Preliminary observations in a small number of 
patients without a history of arrhythmias have 
shown an inverse relation between activation time 
and action potential duration. This may reduce dis- 
persion of repolarisation and may represent a protec- 
tive mechanism. 
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Influence of R wave amplitude and Q waves on 
exercise induced ST segment depression 


P R Walker, M Papouchado, J R Fraser, 

RPH Wilde 

Departments of Cardiology and Radiodiagnosis, 
Bristol Royal Infirmary, Bristol 


Conflicting results have been obtained from recent 
studies in which the precise depth of ST segment 
depression during exercise has been used to predict 
the arteriographic severity of coronary artery disease 
(CAD). However, these studies have largely over- 
looked the influence of R wave amplitude or Q waves 
on ST depression. In this study 114 patients with 
CAD were subgrouped, firstly according to the pres- 
ence or absence of Q waves and secondly according 
to the greatest R wave amplitude in their resting 
ECG. As assessed by a myocardial scoring technique 
the arteriographic severity of CAD was slightly 
greater among 26 patients with Q waves than among 
88 patients with no Q waves; however, the mean 
maximum depth of ST depression during exercise 
testing was 41% greater in patients with no Q waves 
(1:66 (0-92) mm vs 1:18(0-97) mm, p<0-05). The 
influence of R wave amplitude was even more strik- 
ing. Thirty four patients had tall (220mm) R waves, 
52 had medium sized (13-19mm) R waves, and 28 
had small (< 12mm) R waves. The mean myocardial 
scores were similar in the three groups, the small R 
wave group having the highest score. However, the 
tall R wave patients exhibited twice the depth of ST 
depression seen in small R wave patients (2-04 (0-95) 
mm vs 1:03(0-80) mm, p<0-0005); whereas the 
medium sized R wave patients showed an inter- 
mediate amount of ST depression (1-51 (0-88) mm). 
Similar maximum heart rates were achieved by all 
five subgroups analysed. 
Because of the influence of R wave amplitude and . 

Q waves ST segment depression alone would not be 
expected ta predict the severity of CAD. 


External non-invasive temporary cardiac 
pacing 


E Rosenthal, Susan Lewis, I Sram, N Thomas, 
S Ikram, R Vincent, D A Chamberlain 
Royal Sussex County Hospital, Brighton, Sussex 


Proceedings of the British Cardiac Soctety 


‘ Transcutaneous cardiac pacing, introduced by Zoll 


m 1952, has attracted a resurgence of interest 
because longer stimulus duration and larger elec- 
trodes now permit lower stimulation thresholds. The 
usefulness of the Pace Aid (pulse width 20 ms, out- 
put 50, 100, or 200mA; Cardiac Resuscitator Cor- 
poration) and the Zoll NTP non-invasive temporary 
pacemaker (pulse width 40 ms, output 0-140mA; 
Simonsen and Weel) has been assessed. Trans- 
cutaneous pacing was attempted in 46 patients (age 
range 17-84)—14 with stable complete heart block, 
10 with severe bradycardia and hypotension, and 22 
with asystole. Transcutaneous pacing restored out- 
put in 11 patients—six with stable complete heart 
block, four with bradycardia and hypotension, one in 
asystole. In four patients the Zoll NTP created arte- 
facts after the pacing stimulus that resembled a QRS 
complex but were not associated with a 
repolarisation wave or cardiac output. This simu- 
lates electromechanical dissociation and can cause 
delay in initiation of traditional resuscitation meth- 
ods. External pacing was uncomfortable for con- 
scious patients and none was able to tolerate maximal 
electrical output, even after intravenous sedation. A 
rise in pacing threshold over the course of an hour 
with a loss of capture was noted in one patient. 
‘Transcutaneous pacing may occasionally restore car- 
diac output in patients with severe bradycardia. But 
it proved disappointing with asystole and unreliable 
and uncomfortable in conscious patients with stable 
bradycardias. It is of limited value in the treatment 
of cardiac emergencies. 


Left ventricular false tendons in man: 
identification of clinically significant mor- 
phological variants 


J M Beattie, F A Gaffney, L M Buja, C G Blomqvist 
University of Texas Southwestern Medical School, 
Dallas, Texas, USA 


Left ventricular false tendons are composed of Pur- 
kinje fibres and are intracavitary branches of the 
peripheral conduction system of the heart. Their 
clinical ımportance is unknown. Their mor- 
phological variation in 167 unselected diseased 
hearts was examined at necropsy and in 2004 con- 
secutive patients examined by cross sectional echo- 
cardiography. Left ventricular regions were defined 
as apical, mid-ventricular, or basal. False tendons 
arising and inserting within the same ventricular 
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region were classified as transverse, between two 
adjacent regions as diagonal, and traversing all three 
regions as longitudinal. False tendons were 
identified in 29 hearts (17%) in the necropsy group 
and in 81 patients (4%) in the echocardiographic 
group. Relative prevalences in the necropsy and 
echocardiographic groups respectively were: apical 
transverse (2 and 32), mid-ventricular transverse (12 
and 21), apical/mid-ventricular diagonal (4 and 9), 
and mid-ventricular/basal diagonal (19 and 23). No 
longitudinal false tendons were noted. Echo- 
cardiography underestimated the occurrence of 
these structures which were usually an incidental 
finding. However, the largest clinical subset com- 
prised 17 patients, 10 presenting with atypical chest 
pain and murmur and 7 with asymptomatic murmur, 
in whom the presence of false tendons was the only 
echocardiographic feature noted. This association 
was highly significant (p<0-001). Thirteen of this 
group exhibited transverse morphology, with mud- 
ventricular location predominating (p<0-01). This 
morphological variant, lying perpendicular to the 
left ventricular outflow tract, is particularly subject 
to traction and by disturbing intracardiac flow pat- 
terns may result in this clinical presentation. 


Characterisation of the normal right ventricu- 
lar pressure-volume loop using biplane ven- 
triculography and simultaneous high fidelity 
pressure measurement 


AN Redington, M L Rigby, M E Hodson, 
P J Oldershaw 
Brompton Hospital, London 


To characterise the normal right ventricular (RV) 
pressure-volume (P-V) loop, biplane right ventricu- 
lography with simultaneous high fidelity pressure 
recordings were performed in adult patients consid- 
ered to have a normal RV and normal coronary arte- 
ries at cardiac catheterisation and angiography. RV 
volume was measured by a modification of 
Simpson’s rule. To validate this method of RV vol- 
ume measurement, 22 radioopaque casts from nec- 
ropsy human and animal right ventricles were made. 
The calculated volume (Vc), determined from hand 
digitised frontal and lateral ‘“‘ventriculograms’’ of the 
casts, was compared with true volume (Vt) measared 
by fluid displacement. Excellent correlation was 
obtained after adjustment of Vc by the regression 
equation Vt=0:86Vc+0-68 (r=0:99, SEE(4)). 
Frame by frame analysis of right ventriculograms 
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obtained at catheterisation thus enabled the gener- 
ation of a simple volume-time curve from which the 
P-V loop was derived. Fundamental differences were 
found between normal RV and left ventricular (LV) 
P-V loops. The normal RV P-V loop was more trian- 
gular in shape with ejection beginning during pres- 
gure upstroke. Consequently there was no well 
defined period of isovolumic contraction. Further- 
more RV volume continued to decrease well beyond 
peak RV pressure, up to 60% of the stroke volume 
being ejected during RV pressure fall. These 
differences may reflect the low impedance to pul- 
monary flow. 

In conclusion, the normal RV P-V loop was 
significantly different from that of the normal LV; 
this observation has important implications when 
considering isovolumic or end systolic indices of RV 
contractility. 


Phase and amplitude analysis of exercise digi- 
tal left ventriculograms: a new method of 
detecting myocardial ischaemia 


J Lyons, M Norell, J Gardener, R Balcon, C Layton 
London Chest Hospital 


Phase and amplitude analysis of digital left ventricu- 
lograms allows assessment of wall motion while 
avoiding the artefacts associated with image sub- 
traction. Intravenous digital left ventriculography 
was performed in 23 patients with known coronary 
artery disease (CAD): eight with one vessel disease, 
11 with two vessel disease, and four with three vessel 
disease. Images were obtained at 12-5 frames/s in a 
right anterior oblique projection after a right atrial 
injection of contrast. Patients then performed a 
symptom limited supine bicycle exercise test. A sec- 
ond ventriculogram was obtained at peak exercise. 
The resultant images were subjected to phase and 
amplitude analysis, and assessed blindly in random 
order, with the ventricle considered as three seg- 
ments. All ventricles were found to be abnormal at 
rest, despite normal cineangiograms in eight 
patients. In all but one, the wall motion abnormal- 
ities were consistent with the CAD. On exercise, five 
patients showed no change in wall motion; all had 
one vessel disease. In 13 patients there was a deteri~ 
oration in wall motion affecting a previously normal 
segment in six and an abnormal one in seven; this 
group contained all four patients with three vessel 
disease and six with two vessel disease. In five 
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patients, all with two vessel disease, there was either - 
a discrepancy between the abnormal segments at rest 
and on exercise, or apparent improvement in wall 
motion of one segment. 

Phase and amplitude analysis of digital left ven- 
triculograms is a method of assessment of exercise 
induced ischaemia that is simple to perform, has high 
resolution, and is a sensitive detector of severe CAD. 


Plasma catecholamine secretion during car- 
diac surgery: a double blind comparison of tri- 
metaphan camsylate with sodium nitro- 
prusside 


Laura Corr, R M Grounds, J G Whitwam, 
M J Brown 
Royal Postgraduate Medical School, London 


Cardiopulmonary bypass has been shown to be a 
potent stimulus to the release of catecholamines and 
may be associated with a high systemic vascular 
resistance. Furthermore the concentrations of circu- 
lating plasma catecholamines reported may have 
important metabolic effects. The effects of tri- 
metaphan camsylate (TC) and sodium nitroprusside 
(SNP) on the catecholamine response to cardiac 
surgery were compared in a randomised, double 
blind study of 12 male patients undergoing elective 
myocardial revascularisation. The solutions were 
titrated to maintain a mean arterial pressure of 
70-85mmHg before and after bypass and 
<70mmHg during bypass. The rise in plasma 
adrenaline in the SNP group during cardio- 
pulmonary bypass (0-019 (0-007) ng/ml to 1-058 
(0-228) ng/ml) was much greater than in the TC 
group (0-018 (0-007) ng/ml to 0:261 (0-136) ng/ml; 
p<0-02 between groups). There was a smaller rise in 
plasma noradrenaline in the SNF patients 
(0-482 (0-098) ng/ml to 2-933(0-8) ng/ml) but this 
was significantly higher than in the TC patients 
(0-484 (0:16) ng/ml to 1:286 (0-511) ng/ml; p<0-05 
between groups). The plasma potassium and glucose 
concentrations in the two groups were also com- 
pared. Plasma potassium fell initially on bypass in 
the SNP group (4-34 (0-08) to 4-0 (0-16) mmol/I) but 
did not fall in the TC group (4:23(0-15) to 
4-20(0:18) mmol/l). Thereafter plasma potassium 
tended to rise in both groups but remained lower 
throughout operation in the SNP patients (p < 0-02). 
Plasma glucose rose in the TC group (to 
6°53 (0-21) mmol/l) but the rise in SNP group was 
significantly higher (to 9-48 (0-82) mmol/l; p<0-05 
between groups). 
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The use of TC provides a simple and effective way 
to reduce catecholamine release during cardio- 
pulmonary bypass. The haemodynamic benefits of 
vasodilation are obtained and the metabolic con- 
sequences of high circulating catecholamines are 
avoided. 


Free radical generation in coronary and 
peripheral vascular disease 


S Hutchison, J Belch, E Smith, C Forbes, 
A R Lorimer 

Department of Medical Cardiology, Royal 
Infirmary; and Department of Chemistry, 
Strathclyde University, Glasgow 


Oxygen free radicals (FR) may be important media- 
tors of tissue damage in pathological states involving 
inflammation and ischaemia. Methods to assess 
changes in the cell defence to free radical generation 
have been developed—such as measurement of glu- 
tathione concentration and superoxide dismutase 
activity. Raised concentrations of glutathione and 
decreased concentrations of superoxide dismutase 
correlate with increased free radical generation. Glu- 
tathione and superoxide dismutase were measured in 
26 patients with arterial disease and the results com- 
pared with those in 17 matched controls. Superoxide 
dismutase concentrations were significantly lower in 
patients with arterial disease (48 (7) ug/ml in patients 
with angina (p <0-02), 44(6) ug/ml in patients with 
claudication (p<0-01)) than in normal individuals 
(71(5) ug/ml). In contrast glutathione concen- 
trations were significantly raised—270 (32) ug/ml in 
patients with angina (p<0-01), 292(30) ug/ml in 
claudication (p<0 04), 208(17) pg/ml ın controls. 
All patients with angina had important double or 
triple vessel disease and positive exercise tests. 
There was no significant change in superoxide dis- 
mutase and glutathione concentrations during exer- 
cise induced myocardial ischaemia. 

These results suggest that these markers of exces- 
sive free radical production may define patients with 
vascular disease affecting the coronary and periph- 
eral circulation. 


3P nuclear magnetic resonance evaluation of 
skeletal muscle metabolism during exercise in 
congestive heart failure 


B Massie, M Conway, R Yonge, S Frostick, 

B Rajagopalan, G K Radda 

Department of Biochemistry and Medicine, Univer- 
sity of Oxford 
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In patients with congestive heart failure (CHF) the 
severity of exercise intolerance correlates poorly 
with central haemodynamic abnormalities. This 
suggests that the pathophysiology may be due to 
alterations in skeletal muscle metabolism or muscle 
blood flow. To study the mechanism of exercise 
impairment in CHF, we performed *!P magnetic 
resonance spectroscopy (MRS) in nine male patients 
(aged 42-62) with CHF due to ischaemic cardio- 
myopathy (6) and primary myocardial disease (3). 
Their mean ejection fraction was 16(3)% and their 
maximum exercise tolerance ranged from 25 to 
100 W. A 1:89 tesla, 20 cm bore magnet operating at 
32:5 MHz for °'P was used with a surface coil over 
the flexor digitorum superficialis muscle. A pre- 
viously standardised exercise protocol was used in 
which patients squeeze a rubber bulb at a rate of 
22/min against a pressure of 100 torr for 5 mun, fol- 
lowed by 300 torr for 2-5 min. Serial 32 scan spectra 
were obtained at 1-2 min intervals and analysed for 
pH, phosphocreatine (PCr), and inorganic phos- 
phate (Pi). The rate of phosphate utilisation was fol- 
lowed as the ratio of PCr:(PCR+ Pi). 

Compared with 18 controls (aged 20-80) the CHF 
patients had similar resting pH (7-00 (0 03)) and PCr 
ratios (0:88 (0-03) vs 0:90 (0-02)). During exercise pH 
fell more rapidly in the patients and remained lower 
(6 40(0-27) vs 6-86(0-10) at 100torr, p<0 001; 
6-44(0-21) vs 6-68 (0 23) at 300 torr, p<0-02). The 
PCr ratio fell faster at 100torr (to 0:33(0 15) vs 
0-49 (0-14), p<0-02) but at 300 torr reached a com- 
parable level albeit with more work from the con- 
trols. Unlike the controls, five of the nine CHF 
patients developed double Pi peaks indicating the 
presence of at least two populations of muscle fibres 
with differing metabolic responses to exercise. These 
findings indicate that in CHF patients, skeletal mus- 
cle exhibits metabolic abnormalities during exercise 
which may be consistent with impaired nutritive 
blood flow or intrinsic alterations in cellular ener- 
getics. - 


Biochemical changes during repeated 
occlusion and reperfusion of a coronary artery 
in the rabbit: a °1P magnetic resonance spec- 
troscopy study 


B Rajagopalan, J Ramsey, E Harmsen, P Bore, 

G K Radda 

Departments of Biochemistry, Anaesthetics, and 
Nuffield Department of Medicine, University of 
Oxford 
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Recanalisation of occluded coronary arteries is now 
an established therapeutic manoeuvre but the meta- 
bolic effects of reperfusion of the ischaemic myo- 
cardium are less well understood. We used 7!P mag- 
netic resonance spectroscopy (MRS) to follow 
serially the metabolic effects of repeated myocardial 
ischaemia and reperfusion in six anaesthetised venti- 
lated open chest rabbits. A 16 mm surface coil was 
placed on the lateral surface of the left ventricle and 
an adjustable snare was placed round a branch of the 
left coronary artery. Spectra were obtained in an 
Oxford Instruments 1:89 tesla 20cm bore magnet. 
Changes in phosphocreatine (PCr), ATP, and 
inorganic phosphate + 2-3 diphosphoglycerate were 
measured from peak areas and pH from the chemical 
shift of inorganic phosphate. Spectra were obtained 
during a control period, during 15min of total 
occlusion of the coronary artery, and after reper- 
fusion. After allowing 45 min for recovery, the pro- 
tocol was repeated. After occlusion, PCr fell rapidly 
in the first 7-5 min to 69% of control and remained 
depressed for the remaining ischaemic period. The 
pH fell from control to between 6-3-6:5. The ATP 
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did not change for the first 7:5 min, but fell to 90% 
of control during the second 7-5 min. When the ves- 
sel was reperfused, PCr returned to 103% of control 
within the first 10 min. In two animals ATP showed 
partial recovery, but in four it remained depressed or 
fell further. Arterial blood pressure fell by 10% dur- 
ing ischaemia and showed recovery to near control 
values after reperfusion. The peak areas immediately 
preceding the occlusion were used as control values 
and the magnitude and time course of changes after 
the second ccclusion were similar to those that fol- 
lowed the first occlusion. 

Unlike perfused hearts, in this in vivo model of 
regional ischaemia PCr fell precipitously to be fol- 
lowed by a fall in ATP. During reperfusion, PCr 
recovered while ATP remained depressed or fell fur- 
ther in four animals. This loss of ATP may con- 
tribute to the loss of function seen after repeated 
periods of ischaemia (the stunned myocardium). In 
summary, it is possible to follow serially the meta- 
bolic changes in repeated periods of ischaemia, and 
this should allow the study of models of reperfusion 
injury and pharmacological interventions. 
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Correspondence 


Br Heart J 1986; 55: 529 


Lead specificity of the maximum ST/heart rate slope 


response 


Sir, 


. We are disturbed that correspondence regarding the 


t, 


maximum ST segment/heart rate slope! remains 
focused on the issue of test perfection? rather than 
on the potential value and limitations of this 
method.? Since no diagnostic test of this type can 
be wholly accurate, demonstration of test 
imperfection* > is predictable. But does this mean 
that further study of a potentially important con- 
tribution to exercise electrocardiography should be 
abandoned? 

Surely a more important question is whether this 
method can improve the predictive accuracy and 
clinical usefulness of the exercise electrocardiogram. 
In patients with stable angina we have found that a 
modified ST segment/heart rate slope analysis can 
significantly improve our ability to identify patients 
with anatomically and functionally severe coronary 
artery disease.” Indeed a similar conclusion 
regarding identification of three vessel disease might 
be drawn from the data of Quyyumi etal.4 The 
study by Balcon etal unfortunately included only 
two patients with three vessel disease. 

The failure of some studies to reproduce the test 
accuracy reported from Leeds should not stop fur- 
ther study of the method bur rather should raise 
important and answerable questions about the opti- 
mal applicability of the ST segment/heart rate slope 
in different clinical populations. Although the test 
can be highly accurate for the detection of three ves- 
sel disease in patients with stable angina pectoris, 
the method is inaccurate shortly after transmural 
infarction and does not predict the severity of coro- 
nary disease in patients with aortic regurgitation.? 
Test inaccuracy is also likely in the various cardio- 
myopathies. Heterogeneity of study populations 
may thus explain some of the controversy sur- 
rounding the ST segment/heart rate slope. In addi- 
tion, selection and referral patterns may also affect 
test accuracy in patients with angina.® These are 
interesting and resoluble problems that require 
investigation. As these data accumulate is it not rea- 


‘ 


sonable to suggest that careful definition of study 
populations might further clarify the clinical use- 
fulness and limitations of the method? 


Paul Kligfield, 

Peter M Okin, 

Oliver Ameisen, 

Jeffrey S Borer, 

Division of Cardiology, 

The New York Hospital-Cornell Medical Center, 
525 East 68 Street, 

New York, New York 10021, USA. 
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Notices 


British Cardiac Society 


The Autumn Meeting will be held at the Wembley 
Conference Centre, London, on 25 to 27 November 
1986, and the closing date for receipt of abstracts 
will be 1 August 1986. 


Lasers in cardiovascular diseases 


The lst International Symposium on Lasers in 
Cardiovascular Diseases will be held in Baden (near 
Vienna) on 26 to 28 June 1986. Further information 
from: The Secretariat, 1st International Symposium 
on Lasers in Cardiovascular Diseases, c/o Inter- 
convention, PO Box 80, A-1107 Vienna, Austria. 


Nuclear cardiology 


The European Society of Cardiology Working 
Group on Nuclear Cardiology will be holding a 
symposium in Edinburgh from 6 to 8 May 1987. 
Further details from: Congress Secretary— 
Edinburgh ’87, Cardiac Department, St Bar- 
tholomew’s Hospital, London EC1A 7BE. 
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wrong.” A Stewart 
Truswell, Boden professor 
of human nutrition at the 
University of Sydney, 
separates fact from fallacy in 
the ABC of Nutrition, a 
collection of articles from 
the BMJ. This illustrated 
guide offers the general 
medical reader a refreshingly 
down to earth review of all 
aspects of nutrition ~ from 
anorexia to obesity, infant 
feeding to dietary guides for 
the elderly — and will be 
invaluable for any doctor 
wishing to advise his patients 
about their eating habits (or 
even to revise his own). 
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